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COMPREHENSIVE REPORT

INVESTIGATION OF AIRFIELD CONSTRUCTION
IN ARCTIC AND SUBARCTIC REGIONS

APPENDIX II

LIBRARY RESEARCH

I Introduction

1. AUTHORIZATION. The project for the investigation of the phenomena of
permanently frozen ground, as related to the construction of airlieht.ii arctic aud sub-
arctic regions, was authorized by the Office, Chief of Engineers in a letter to the Divi-
sion Engineer, Upper Mississippi Valley Division, SPENM (2 Febrar y 194-5), Subject:
"Investigation of Airfield Construction in Arctic and Subarctic Regions". The St. Paul
District was designated as the investigational agency, with supervision by the Division
Engineer to consist of inspections and reviews of programs, as deemed necessary, de-
risions with respect to major policies, and reviews of special and periodic reports.
Direct correspondence between the investigational agency and the Office, Chief of Engi-
neers was authorized. The-approved "Comprehensive Program for Investigation of
Airfield Construction in Arctic and Subarctic Regions', including library research, was
received from the Office, Chief of Engirers with letter, SPk Ei (20 June 1945).

2. PURPOSE-The objectives of the program are to prepare e. bibliography on
permafrost and allied subjects and to collect published information on permnently
frozen ground and construction thereon.

3. SCOPE. Data and Information gatheredfrom the beginning of the investiga-
tion in February 1945 and continuing through January 1949 are d.scussed in this report.

II General

4. GENERAL. Library research is an important part of the permafrost inves-
tigation. A large number of articles published in the English language and pertaining to
permafrost and related problems have been examined during the study of various
phases of the Permafrost Investigatio.r-. A bi'bliography listing the!E-e articles and pub-
lications is given in Section IV of this appendix.

5. OTHER BIBLIOGRAPHIES. The following bibuogr-aphies have been prepared
by other agencies in connection with investigations they have in progress. Although
many of these references do not pertain directly to permafrost, they often discuss al-
lied subjects of interest in the study of permafrost.

a. Arctic Warfare, A Bibliography, June 1946, The Engineer
School, Fort Belvoir, Va.
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b. Arctic War are. A Bibliography: Supplement No. 1, June 1947,I The Engineer Schonl, Fort Belvoir, Va.

C. Arctic Warfare, Bibliography of Reports and Technical Inforina-
tion, Supplement No. 1, 10 May 1947, The Engineer School, Fort
Belvoir, Va. This bibliography is a supplement to "Arctic War-
fare" published by The -Engineer School, Fort Belvoir, Va., dated

o 2- October 1946. (Copy of bibiography dated 28 October 1946 hasnot been received in this office.)
d. Bibliography of Arctic Literatare with Glossary, Brochure No. 2,

-August 948. prepared at The Engineer School, Fort Belvoir, Va.,
for the Chief of Engineers4

e. Frost and Permafrost, A Brief Survey of the Agencies and Litera-
ture Dealing with Frost and Permafrost, September 1948, Robert
W. Schmidt, Air University, .,Maxwell Field, Alabana.

f. Bibliography on Frost Action in Soils, Bibliography No. 3, 1948,
The Highway Research Board, 2101 Constitution Avenue, Wash-
ington Z5, D. C.

6. RUSSIAN BIBLIOGRAPHIES. Section I, Russian Bibliographies, briefl_ dis-
cusses the work of The Stefansson Library and lists the Russian articles translated as
well as those summarized. Bibliographies of Russian language arficles prepared by
other individuals and agencie0 are also shown.

III Russian Bibliographies

7. CONTRACT WITH THE STFPANSSON LJBRARY. On 19 June 1947, thi office
entered into a contract with Dr. Vilhjalmur Stefansson, doing business as The Stefansson
Libraxy, Four Saint Luke's Place, New York 14, N. Y. The fowing work and services
will be performed under the contract: (a) To conduct a search for all articles, pam-
phlets, reports, or other written material in the Rusgizan or other foreign language deal-
ing with the subject of permanently frozen ground in the arctic and subarctic regions,
and coistruction, engineering and other problems related thereto; to analyze and review
all such articles pamphlets, reports, or other written material, and to summarize the
contents thereof in semimonthly written reports in the English language, which reports
shall identify the sources of all materials; (b) To furnish, upon request, complete and
acz.urate English translations of any articles, namphlets, reports, or ot:.er vritten mate-
rial reported upon in the summary zeferred to in the previous paragraph, and of any ar-
ticles, pamphlets, reports or other written nrrterial supplied for translation.

8. WORK ACCOMPIMHED BY THE STEFANSSON IJBRARY. To date, the
Stefansson Library has furnished this office with summaries of eighty-nine articles and
translations of seven articles. Translations have been received of the foll owing Russian
aticles:

(1) CHEKOTILLO: A. M., "The Underground Storage Places in the

2 -- --- -----
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Permafrozen Ground", Priroda, Vol. 11, 1946, pages 27-32
The author poifits out that themuse of natural cold storage in perma-
frost areas generally has been limited to the local Russian and ta-
tive population who have used-smnall, unlined units. A description is
given of large size (462 cubic meters) subterranean cold storage
places constructed by the Russian Government at the Port of Ijst-
Yenisey, on the lower reaches of the Lena -River and other places.
Cold storage is ah acute need in the Arctic and Subarctic during
the swnaner. A bibliography of twelve titles is given.

(2) FEDOSOV, A. E. **Prognosis of the Settling of Buildings Caused by Thaw-
ing of the Ground Under Their Foundations", Trudy of the Obruchev Instii-
tute of Permirostology, Vol. IV. 1944. pp. 93-124

The author emphasizes the im portance of developing methods of
calculating the settlement of buildings constructed on thawirg
ground. In this problem, th'-e contraction of the volume of ice and
the settling of the mineial part of the ground are important points.
Methods of computation are given. Biblizography of 8 titles is
given.

(3) OBRUCHEY, V. A., "The Fifteenth Anniyersary-of the Ground Fro;t Study
of the Academy of Sciences of the USSR", Priroda, USSR Academy of
S ciences Puiblication, No. 5, 1946

This article is a brief review of the study of permafrost; begin-
ning in Russia in 1845. The I00tM anniversary is also the 15th
anniversary of the- establishment of-a special. commission for
permafrost research. The commission becamea special com-
mittee and is now the i.nstituzte for the Study of-Ground Frost.
Various definitions of terms are given. Reference is-made to
publications prepared in the 15 year period.

(4) SUKHODO'SIW, E. IL, ""The Construction of an-Earth Railroad Bed In
the Northern Regions Under Permafrost -Conditions". T-udy-of the-
Obruchev Institute of ?errafrostology VoL 11, 1 scowi 194, pp.~-
Chapter VI - The Construction of Earth Railway Embankments

This i a discussion of Russian difficulties experienced iz-the
VE construction of stable earth railway embankments in oerinafrost

areas where the surface and subsurface soils are fine-grained, E

frosi-acting, boggy materials.

(5) SUMGIN. M. L, RAC1HURIN, S. P., ToLsTrlCHI, N. i., and TIhAEL .F
"General Pernafrostology",. Academy of Sciences of USSR, Miosc OW, 1940. f

- Chapters I through V
This is a major reference books prepared by the Orbrachev Insti-
bite of Permafros-tology to present, in condensed forni, te re-
sults; of research done to date. Five of the eight chapters hav'e
been translated.
Chapter I -- Introduction. Terminology. A Short History of

Periafostology, by Sumgin.
Chapter 11- Physico-mnechaical Processes in Fre-ezing andA

Frozen Ground, by Sumgin.
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Chapter JR -. Seasonal Freezing and Thawing o the Ground in
the Perma-frost Area, by Twnel.

Chapter IV -- The Region of Distribution of Permafrost and the
Thickness of Permafrost Layers, by TumeL r

qChapter V- -- The Thermcl Regime of the Ground in the Perna-
frost Area, by Sumgin.

The following chapters have not been translated but are included
to complete the chapter headings5
Chapter Vt -- Some Physical Properties of FrozenGround, by Tumel.
Chapter VII Genesis of Permafrost, by Tumel.
Chapter VIII -- Degradation of Permafrost, by Sumgin.

(6). TSYTOVICH. N. A,, "The Unfrozen Water in Porous Straia", Iz.vstia of
Academy of Sciences, Geological Series, No. 3, 1947, pp. 39-48

Under certain conditions, water does not freeze at tempera-
= tures below 00 C. In explaining sone of the physico-nechani-

cal characteristics oi frozen ground, the possible existence of
a certain amount of water in a liui state must be as~iured.
Investigation shows the presence of unfrozen water in frozen

-ground down to a temperature of -1940 C. The quantity, con-
tents and characteristics of unfrozen water on unfrozen ground
are not constant and change with a change in conditiozs A bib-
liography of ZO references is also given.

(7) ZHUKOV, V- F., "Earthworks in the Consf'action of Foundations in the
Region of Permafrost", Academy of Science, Obruchev's Institute of Per-
mafrostlogS3, Leningrad, 1946

This book is divided-into 8 chapters as follows:
Chapter I- mItroduction.
Chapter 11 -Prelinminary Work.
Chapter III -- Methods of Softenin Permafrozen Ground-
Chapter IV -- Methods-of Renoni of Ecavated Earth.
Chapter V -- Methods of Sjrengthening trench Wills.

I Chapter -V1 --- lMegod$ of ofeli ondr Preparation of _e~ s: .for ConSirICOU f FOUdtin.

Chapter VII -- Refilling of the Trenches.
IChapter V31- Organizaton of the Earthwork.

Chapters 1. VI and YUI have been translated. One point of interest
zs the usct of the electro-chemical methtods of solidifying perm--&

nently frozen ground. A table showing the depth of permafrost for
diffcrent types of soils in various prts of Russia is also even.

9. SULMARIES OF RUSSI.N ARTICLES RECEI VED. Sum.-naries have been re-
* ceivd of the following Russian articles:

(I) BARANOV, i. 1Y.,j 'ethods of Charting the Permafrostr, Tr- y of
Sthe Committee on Permafrost, Academy of Scienes, VoL 6, pp. 107-

iZS, incL, Moscow 1938
This article discusses :he various methods of mapping permafrost.
These maps are made on scales of i:5,000 to 1500. It points out

- that for construction work, detailed maps showing te gration
-of the surface of seasonal and permafrozen ground, water bearing

N4

li
__ - -_ _



dg-eof moist=r sufitbil;,ty of tiesie e-. be =a--e

T-here is also aL discussion- Of r- kte', gelogicftl sue bydr--O
geology and vegetation. Tshe a=uhr t-zsou ht rcin test

] ~~pits are necessar-y to obtain ninth a! the Sied r.tti

(21) BUINI U. A., "'The Active anmd P1tvePnafotIvea of the Geo-
gahical Soity o 3, i.. 9-~411. Mic-cr lenimaa. 1937

mris is a short artile wih discusses !be orininm ofr0 nfrs
The auhrCites teoncoiz Zhois nati sa odc
of the clnaeof sone distant, toth and! at tbe resent t~me is
gradua~lly and con-stanty derdz rn nrtis the direct
resn! of Drflf-4t ay cn te_ 7:-., AI~ does fo -11 &ctt
eithr voint ci view yet r-m-1 encugl ftii~ia ret He
dicusses the nariouas chases of cerrntfhrcst insoafa as it occurs

inRussia-

El 3)B1.-...G~J. A. L,"Stat ObeA.ios thm ee Forest Core-r &ad fpernia-
nost", Trudy~ off te Comsi ic the Stid- -PnrnlT--c Vol.Hi
t.engad, 1934, p. 41-51 inc.!

This rrticle, is basedA om te- auhr' bmertos o per~omarost.
4- Aioz f.-bi- of the kdis itm River- rH4 outms eatti

it th da=&1 1 j ncist ~ tre at, so f 67-0 latitud.
Cahe only tree- Inl the spahrnrt. 9 -9 sm biceopirs.
aba aspens are loUZn! C& additi t aralrh he a&_ C
discusses h;s thieories as to* te la -c"'rlat in !he tt
alnd other fac-s oen-gvegetation 4in ue......frost. areas. The

lakes" AaserrobpeA as the tezalt of t thaat-mg of Smssg ice&

St=e au "Depl of Fra~o Piacne=1 for. znndisgw
F.ew Stories C*Cnf ciia Fj~ -a-f -amr ", hks
tuate of of-alotlorAcdr r canm-- tR msc.ezr

raze autho discusses the bobmtyo digt i f ... g of
A ~~~Mare nanWk two stories wik !Be BasteSo cellars CF- amcnst A.mt

-g-c-- tm-eeuy am 4ftuvwidth.Az mo eveim
He cnsot hti hese ctses, it n-.rb-- po ts c t- t anid CXj-

g~tI F I -e r ci gr r sriln Z.A -- -a erten of euimg of

=!Ekr states that th eni nmo of igai± nolst.re in th
gruiis ofmr nprat az h [rez -f te Wter in- th-e

oarr wS the S-=E He Hs*-s of ___ =Mes'fra

Snicwatmction.Ad re-

,a--i-- o thpe Seismic VMehod Sr- tz kenino f te rae Surface

197 P- 13-6

S



I

in the application of the seismic method for determination of the
upper surface of permafrost. The author states that the seismic
method is very dependable for determining depths of the upper
surface of permafrost where the permafrost is near the surface. -
He also discusses other factors of the seismic method. A bib-
liography of two titles is given.

(6) BUKREEV, P. A., "Waterproofing and Drainage of Defense and Non-
Defense Constructions", Strojizdat Narkomstroja, 1943, pp. 3-124

This book contains a description of the construction and
methods of work most frequently used to protect construc- L
tion work, completely or partly built in the ground, from surface
and ground waters. He discusses the properties of subterranean N
waters and their origin; drainage works; methods of preventing
the inflow of water into the construction work; methods of water-
proofing; and special provisions against capillary action. A bib-
liography of 51 titles is included.

(7) CHEKOTILLO, A. IA., "Gigantic 'Naled' or Icings of Northeastern Siberia",
Nauka i z hizn, No. 1, pp. Z6-29, Moscow, 1945 r

The author describes the peculiar arctic phenomenon known in
Russian literature as "naled" and throughout Siberia by the Yakut
term "taryn" and called "icing" in English literature. River
"naleds" are formed as a result of the freezing of the shores and
the increase of the thickness of ice covering. The water under the
ice seeks an outlet and once having broken through, it spreads
along the surface and freezes. A similar process takes place
during the formation of ground "naleds". In spite of the abundance
of water in the summer in rivers and lakes in Siberia, the problem
f water supply in the winter is difficult. A study is being made to

determine the possibility of using the underground water supply of
the naleds to provide a dependable water supply for mining and
other purposes.

(8) CHEKOTILLO, A. M., "Measures Against 'Naledi' (Icing)", Pr;roda, 1946,
No. 1, pp. 20-28

This article discusses various measures to prevent icing. These
include drainage, seasonal or permanently frozen belts, temporary r
or permanent obstructions, changing of the water course, enlarge-
ment of excavated areas, and the change of construction location.
The application of various items to prevent icing is discussed in
detail. A bibliography of 21 titles is given.

(9) CHEKOTILLO, A. M., "The Use of Snow, Ice, and Frozen Ground for Con-
struction Purposes", Academy of Sciences of the USSR, pp. 2-62, 1945
(ilustrations)

This article is intended to familiarize engineering circles with the
technique of construction which utilizes snow, ice and frozen ground.
The various methods of using snow and ice and frozen ground for con-
struction purposes is discussed in detail. A bibliography of 76 titles
is included.

6



(10) CHEKOTILLO, A. M., "Five Years of Construction and Use of Ice Stor-
age Houses", Obruchiv Institute of Permafrostology, Leningrad, 1946,
pp. 3-79

This brochure summarizes the experience gained through the
construction and utilization of ice storage houses in the USSR.
The author discusses the method of construction of ice houses,
dimensions. site selection, etc. He also points out the defects
in the original plans and details of construction for new types.
Repairing and winter cooling of the storage houses are also dis-
cussed. Facts and figures on the preservation of various types
of vegetables is included. A bibliography of 9 titles is given.

(11) CHEKOTILLO, A. M.. "Naledi (Icings) and Measures Against Them",
Obruchev Institute of Permafrostology, p, 5-131, Moscow, 1940

This book represents an attempt to cc ect and systematize
existing material on the question of measures of combating
the phenomenon called by the Russian "Naled" (plural Naledi).
The book is divided into the following chapters: Process of
formation of the "Naled" and the phenomenon caused by it;
The value of water pressure in naled; The snow cover as a
factor in the formation and activity of naled; The effect of naled
on engineering construction; History of development of measures
against naled, where the author summarizes the methods up to
1928; Modern methods of combating naled. A bibliography of
2.0 titles is included.

(12) CHIRIKHIN, U. D., "The Permafrost La the Basin of Indighirka River",
Trudy of the Commission for the Study of Permafrost, Vol. III, Leningrad,
1934, pp. 21-39

This article is based partly on the results of an investigation
by the Academy of Sciences in 1929-30. It discusses in de-
tail the naleds and icings in the Indighirka River. The author
points out that the amount of feed water from moisture !rom
the thawed horizon above the permafrost depends on (1) amount
of water in the ground which depends on the amount of pre-
cipitation prior to freezing, (2) the temperature of the air at the
start of freezing, and (3) the amount of the first snow.

(13) DOSTOVALOV, B. N., "The Electrical Characteristics of the Frozen
Formations", Trudy of Obruchev's Institute of Permafrostology, Vol. V.,
Moscow, 1947, pp. 18-35

A description of the methods and results of investigations of
tseveral authors is given. The author emphasize,, the impor-

tance of the utilization of electrical characteristics of various
formations in addition to petrographic classification. He con-
cludes with a series of recommendations for further research.
A bibliography of 25 titles is included.

(14) DURDENEVSKAYA, M. V., "The Ancient Glaciation and Contemporary Per
mafrost in the Irkut-Baikal Depression", Trudy of the Commission for the
Study of Permafrost, Vol. I, Leningrad, 1934, pp. 89-105
On the basis of published material cited in considerable detail,

7



the author concludes it is possible to establish the former -
existence of glaciation of the Alpine type on the mountains
surrounding the valley. In the appendix to the main article,
the author gives detailed geological descriptions of the
valley in question with mechanical analysis of the sand and
a geological map of the valley. A bibliography of 7 titles is
included.

(15) DZENS-LITOVSKY, A. I., "Mineral Lakes Under the Permafrost Condi-
tions", Trudy of the Committee on Permafrost, Academy of Sciences, Vol.
6, pp. 79-103 inc., Moscow, 1938

This article is devoted to characteristics ard genesis of
mineral lakes in the Trans-Baikal region of Siberia. Some
of these lakes abound in mineral salts including mirabilite,
sodium-chloride, and soda. The author states that under
the permafrost condition, the regime of the mineral lakes
acquires a peculiar character. The ituthor discusses forma-

z tion of mineral lakes as well as the formation of fresh-water
lakes with particular reference to permafrost. He also points
out that chemical weathering takes place more intensely under

Z the climatic conditions of permafrost which also produces
greater mechanical weathering on various formations. A
bibliography of Z9 titles is given.

(16) EFIMOV, A. I., "Deep Freezing of the Ground and the Regime of the
Waters Above the Frozen Ground Under Heated Buildings", Trudy of the
Obruchev Institute of Permafrostology, Vol. IV, pp. 205-225, Moscow-
Leningrad, 1944

This paper is the result of observations and experiments con-
ducted by the Trans-Baikal Expedition of the Obruchev Institute
of Permafrostology in 1941-43. The author describes the geo-
logical structure of two sections and- gives a schematic diagram

Z | of thc.iAring observed in 1942, together with the resultant pressure
of water. A description of the character of permafrost condi-

Z -tions in this area is given as well as data aLout the seasonal
freezing and thawing of the ground. The author gives the tem-
perature conditions of ground under heated buildings, the varia-
tion of the depth of freezing of water and its temperature, and
discusses the hydrological characteristics of the area. The
author concludes that, in general, where there is water above
the permafrozen ground, building is very difficult, as preventive
measures are not yet completely worked out. A bibliography of
10 titles is included.

(17) ENENSTEIN, B. S., "The Results of Application of Electrometrical Inves-
Fi tigation by Direct Current in the Region of Permafrost", Academy of

Sciences, Obruchev's Institute of Permafrostology, Vol. V, pp. 36-86
In this article, the author discusses the application of direct
current for investigations in the region of permafrost. The
work is divided into 1Z chapters. Its three aims are given as
(1) to demonstrate the fallacy of the current conception that
the permafrozen formations are not conductive of electrical

8
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current; (Z) that both theoretical and experimental data about
the water in frozen formations give us sufficient reason to
believe that the perimafrozen formations must b,. semiconduc-
tive; and (3) that laboratory and field investigations fully con-
firm the above statement. The author, in the first part of his
work (3 chapters), discusses the electrical conductivity of
formations in place, In the second part (9 chapters), he gives
a critical review of investigations by electrical methods which
have been made in the region of permafrost. A bibliography
of 33 titles is given.

(18) ENENSTEIN, B. S., "The Observation Under Natural Currents (spontane-
ous polarization) -in the Permafrozen Layers in the Igarka Region", Acad-
emy of Sciences, Obruchev's Institute of Permafrostology, Vol. V, pp.
87-92

The author describes the results of field work of a geophysi-
cal expedition of the Obruchev Institute of Permafrostology
in the region of Igarka in 1940 where observations were made
on the natural electric current existing within the limits of
the active layer. He cites the only previous work on this sub-
ject done by K. P. Kozin in the Chata region. The author de-
scribes a new design of nonpolarized electrode which can be
easily made under field conditions. One reference is cited in
this article.

(19) ERMILOV, 1. Y., "Some Peculiarity of River Deposits of Northwestern and
Northern Siberia", Academy of Sciences, Trudy of the Polar Committee,
Vol. 20, pp. 27-33, Leningrad, 1935

A small portion of this article pertains to permafrost. The
author indicates that, under permafrost conditions, the inter-
layer of vegetable remains and mineral soil is tightly cemented
by freezing and takes the form of lenses of considerable size.
The exceller,* state of preservation of vegetables under perma-
frost conditions is due to the almost complete absence of chem-
ical weathering which, as a rule, occurs by means of moving
groundwater. Thus, the permafrost of northern Siberia is an
important factor influencing Sec..ngical processes, causing the
formation of alluvial deposits inclading a large quantity of
vegetable and animal remains. The preservatidr of carbonate
salts in permafrozen sea and river deposits is also due to
permafrost conditions.

(Z0) FEDORTSEV, V. A., "Permafrost and Naleds in the Northeastern Yakut
Region", Trudy of the Committee on Permafrost, Vol. IV, Moscow, 1935,
pp. 93-104

The material for this article is based on observations made
by the author in geological investigations in the northeastern
portion of the Yakut region. Two shafts, a deep pit, and numer-
ous trenches were dug and temperature observations were made
both during the course of excavations and afterwards. The
author gives three tables of temperature observations and a
map showing the location of the points where the work was
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done. The second portion of this article is devoted to the author's-
observations on several naleds. He distinguishes ground and
river nalkds as well as seasonal ones and those of long dura-
tion. The article concludes with a detailed description of a
large naled located on the Taryn-Tustja River, the left tribu-
tary of the Dogdo River.

(21) GLAZOV, N. V., "'The Method of Studying the Degradation of Permafrost.
Trudy of the Committee on.Perntafrost, Vol. IV, pp. 155-161, Moscow, 1938

The author states that the degradation of permafrost has not
received sufficient study. He points out that observations of
the "island type" of permafrost will supply the desired infor-
mation but will require a long period of observations. As an
alternative, he suggests observations on those traces which
freezing and thawing leave in the ground such as the sinking
of the ground, the infiltration and chemical effect of soluble
salts in the ground, and the difference in salt concentration
and coloration of the ground.

(Z) GRAVE, M. A., "The Fossil Ice in the Lena-Aldan Water Divide", Trudy
of the Obruchev Institute of Permafrostology, Vol. IV, Moscow, 1944,
pp. 10-32

The author emphasizes the inporiance of the study of fossil
ice from the practical point of view as a phenomenon which,
with the chanRe of thermal balance of the surface, may cause
a considerable deformation of the surface. in 1940, the Yakuts
expedition of the Obruchev Institut- began a study of the fossil
ice in the region of a 5ait lake, Abalakh, which is situated at
t-he Lena-Aldan water divide, The-author states that the fossil
ices of this locality may be divided into two groups: buried
ice, and the mass-of ice formed within the ground. The author
cites a series of observations of the temperatures of the

ZZ ground and fossil ice in a 3Z meter deep pit which was located
on the western shores of Lake Aba!akh where there was fossil
ice 22.75 meters thick. In conclusion, the author suggests the
method of mapping _he fossil ice which, worked on a very small
territory, would permit, by prognosis, mapping the occurrence
of it in a very large territory. Bibliography of 25 titles is
given.

(23) GRIGORIEV, A. A., 'The Sub-Arctic-, The Institute of Geography, Acad-
emy of Sciences of the USSR, Moscow-Leningrad, 1946, pp. 3-161

Most of the material on permafrost in this work is in Chapter
3 where the author examines, in dctail, the permafrost as a
factor of the geomorphological process, and the character and
behavior of rivers and lakes under permafrost condit-ions.
However, through the work are scattered references to permna-
frost and its relation to flora, fauna, and the process of soil
for3ration. Six pages of bibliography are included.

(24) ITTER, Y. V., "The Thickness oi the Layer of Ever Frozen Gro-ind in the
Region of Verkhoyansk", Problems of the Arctic, No. 6, Leningrad, 1939
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This is a short note reporting some of the results of the
mining expedition of 1938 which was canducted in the
Yana River region, 90 kl below Verkhoyansk. In a cut 40
meters deep, a series of temperature observations were
made on the lz-yer of permafrozen soil. This layer was
formed of gravel-pebbly sand of the Quaternary age. The
author concludes that (1) the belt of constant temperature
lies at the depth between 10-15 meters; (2) geometrical
gradient is about 25 meters; and (3) the depth of the perma-
frozen layer is equal to 25 x 7.2, plus 12, or in round fig-
ures, ZOO meters. A table of temperatures at various
depths is given.

(25) KACHURIN, S. P., "An Attempt -, Subc ivide into Regions the Grounds
in the Eiropean Territorv of the USSR in which the Phenomenon of Sea-
sonal Freezing Occurs", Article in "Depth of Foundation Placement for-
Buildings with a Few Stories in Conjunctior with Seasonal Freezing of the
Ground", Institute of Permafrostlogy.: -demy of Science, USSR, 1946,
pp. 43-63

The author emphasizes the practical importance of seasonal
freezing of the ground, and the necessity for systematic plot-
ting of its distribution. A schematic map of the various
depths of freezing of the ground is given, but the author
stresses its inadequacy and gives a method for gathering
materialfor a revised schematic -man which would give a

much fuller picture of the o-roble m. The Institute of Ptrina-
1rostology, at the initiative of the late L. . Sumgin, organized
the collection of factual material which forms the basis of this
article.

(26) KHONICHEVSKAJA, .- ME. L. S., "'The Compressive Strength of -Ice and
Permafrozen Ground under Natural Conditions", Trudy of the Committee
on Permafrost, Vol. X, Moscow. -1940, pp. 37-83

The necessity of rechecking the results of laboratory experi-
mexits on perinafrozen ground under natural conditions -re-
sulted in a series of experimxents which a group of scientists
of the Committee for Permafrostology conducted in 1937 in
the Tajmir Peninsula. The author describes some differences 4
in methodology a-.d the processes of experimentation. Two

4EE large and very detailed tables on these investigations provide
comparison with the work oi three other authors. A bibliography
of eight titles is given.

(27) KONDRAT'EVA, A. S., MME., KRAGEL'Si5h. I. V., and SHAKHOV, A. A.,
"Increase of Snow Density under the Compressing Load", frrm "Physico-
Mechanical Propertiis of the Snow and Their Use in Airdrome and Road
Construction', Academy of Sciences of USSR, Moscow-Leningrad, 1945,
pp. 5-9

This work is the result of field and laboratory investigations by
the authors, designed to determine the relationship between the
specific pressure applied to the snow cover and its density. The
authors give six diagrams illustratng the relationship between
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density and pressure at varying temperatures, at constant tern-
peratures, at-varying temperatures- and constant pressure, etc.

- -- Formulas are given for the relationship of density to pressure
avarying -temperatures-as well as at constant temperatures. .

A formula for the distribution of density in depth is given. The
authors reach the following conclusions: (1) the-ability of snow
to becomte more compact uider pressure depends upon the temn-
perature of the snow; (2) practically, it is best to subject snow to
packing at a temperature near zero; and (3) it is best to subject
snow to packing in thin layers because pressure considerably
decreases in depth with a-- increase in distance from the- point
of its application.

(28) KOIALIN, E. A., "The Possibiit of Application of Seismic Investigations
for the Study of Permafrost". 72rudy of the Comn-Assion for the Study of
Permafrost, VoL III. Leningrad, 1934, pp. 13-19 incl.

The author states that the method of imm ediate abservatioz bv
drilling or pit sinking for the study of permafrost is both ex-
pensive and-limited to the-specific area of investigation. Con-
sequently, other physical methods which utilize specific charac-
teristics-of various soils (the electric, magnetic, gravitational.,

adseismic methods) are used, the seismic method forming
the -subject matter of this article. The principle of seismology

ibased on-the -rate of transmission of -vibration wavesi both
longitudinal wnd transversaL Specifically, for the study of-
permafrost,__thec-seisrn.c method can-be used-to-determine-the
subterranean-relief anxd-geologlcal structure of layers adjacent
to-the-surface of the eath. the author concludes with the sug-

-- ge-stion- of pplication of this method for the -stidy of fossil ice.

(29) -KRAG!L'SKL, I. V. and SHAKKOV, A. A.. 'kChange-of the Mechanical Prop-
erties of Snow Cover in Time (Hardening)", from "Physico-Mechanical
Properties of the Snow and Their Use in Airdrome and Road Construction*',
Academ~y-of Sciences of the USSR, Moscow-Leningrd 95 p 10-13

One of the-most uftuszal. qualities of, snow is the increase of its
firmness in time, afteir mechanical action- This is the result of
the process of recrystallization which takes place- in the snow-
From the point of view-of this article, it is important to analyze,
not the growth of crystals in time and number- of centers in which
the- growth takes place, but the sum total result of this -process
which egAnifests, itself in the -increase in hardness, due to the a
joining of crystals formerly isolated i&nd separated by a film of
&.rz. The experiments conducted by the authors show that at
times the-irowth-of haLrdziess-takes -place -Z0 hours or more
after -the mechanical action. The authors giv e three graphs

illustrating the increase in hardness at various temperatures
and pressures, and hardening of the snow after the-action of
wooden rollers. Two tables illustrate the change in hardness

of the snow in ti me, after mechanical action.

(30) KRAGEL'SKI.T, 1. V., "Mathods of-Determnig Hardness and Compactness

of Snow Cover", from "Physico-Mechaical Properties of the Snow and



W ~Their Use in Airdrome and Road Construction", Academy oat Sciences of the
UISSR, Moscow-Leningrad, 1945, pp. 61-66

The properties of snow cover change constantly in time. Usually
the hardness of a material is estimated by sinking a point of spe-
cific form (ball, cone or pyramid) into it. The author states that
the flai form now used for snow is not accurate since the results
depend on the size of the stamp. In conclusion, the author states

PE that with the fall ia. temperature, the hardness of snow increases
and this increase is greater with a greater degree of density,, i.e..
while the hardnest; of snow with a density of 0.2 increases very
little with the fall of temperature, it increases sharply for snow
with a density of 0.4 to 0.S. There are 5 charts and illustrations.

(31) KRYLOV, M. M., "Isothermic Ice Warehouses", Obruchev Institute of Per-
wxafrostology. pp. 3-77, Iboscow-Leningrad, 11942

This book, issued by the Institute of Permafrostology, shows
methods of utilizing natural winter cold for construction and
use of ice storage houses. The work is divided into 5 chapters
dealing with general data, construction, calculation of temnpera-
ture, naintnance of -ice warehouses, and conclusions. There is
a bibliography of 22 titles.

(32) ILRYLOV, M. M.. "Typical Design for an Ice Warehouse, as Pre aed b
-the Engineer MA. PA.-Krylov, with a Capacity of 135 Tons of -Pickles in.
Barrels or 185 Tons of Potatoes", The-Peoples Commuissariat of Trade,
pp. 1-33, Moscow,1943

This pamphlet contains IT -pages of detailed drawings covering
construction of an ice warehouse proposed by Krylov in co-
operation with the Obruchev ln! tittcte of Perrmafrostology.
The notes accompanying ihe_ drawings deal with the general
construction, insulation,I-raming, sheathing. and illumina-
tion. There is also a chart showing thbe average cost and
time involved4 in construction.

(33) KUSIIEV, S. L., "The Permafrost in the Lower Reaches of the Lower
Tunguska River", Trudy of the Commission for the Study of Perinafrost,
Vol. Mi, pp. 73-88, Leningrad, 1934

- -This paper is the result of geomorphological and pern-afrosto-
logical observations by the author made during the sunmmer of
1932. A series of test pits and trenches were made with tem-
perature observations every 50 cmn in the thawed grourd along
the south walls of the trench and in -the frozeu ground in special
bore holes. The author discusses the valley of the lower _
Tunguska and breaks it into two parrs. One of them is the pla-
tetu region and the other is a terrace composed of laminated
sands underlain by gravels. The author gives a series of
lables, and cross sections and concludes that the region of
the Tenizei Valley of the lower Tunguska has permafrost of
the island type. A bibliograpby of 3 titles is given.

(34) L-AYROVA. PM. A., b&M., The Presence of Permafrost in the Region~ of
the Volch'yz and Moncha Tundras, on the Kola Penxinsula", Trudy of the
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Commission for the Study of Permafrost, Academy of Sciences, USSR, Vol.
3, Leningrad, 1934, pp. 117-210

This paper reports on some observations made by the K~ola expe-
dition which studied prLmarily the Quaternary of the Volch'ya and
Monch tundras. A series of peat mounds found in the Volch'ya
Lake at a distance of 14 to 15 meters from the shore are cross-
sectioned Permafrost usually lies at a depth of 40 to 4Z cm.
from the top of the higher rounds and 30 to 35 c-n from the
top of the lower mo'Jnds. The author considers this perma-
frost to be of recent origin. In conclusion, the author states

* that permafrost is encountered £orth of the fore t zone under
favorable conditions and that it wasfound sporadically in sn all
islands in peat mounds and was ccmpletely absent in the forest
zone in mineral grounds.

(35) LIVE ROVSKY, A. V. and MOROZOV, K- D., "Constructions Under Perma-

frost Conditions", Leningrad, Moscow. 1941, pp. 1-244
This book renresents a summary of the most ertivent informna-
tion relating to the construction of industrial buildings ar-
private dwellings. It is written by two specialists and consists
of seven chapters subdivided into ZZ sections an% contains 151
drawings, illustrations and maps. Chapter headings include
general data on permafrost, deformnation of engineering con-
struction under pern frost conditions, and meihods of investi-
gation in surveyi g for the construction of buildings under perrra-
frost-conditions, basic instructions and considerations for stable
construction, consideration of the mraintenance of constructions
under permafrost conditions, And remarks on scientific investiga-
tions-and experiments. A bibliography of 2 titles is inc:uded;-

(36) LRN,- G. 0., "Constructionaid Care of the Foundations under Small In-
duvstral Buildings in the Dudinka Region". Trudy of the Obrutbev Institute

of Permalrostology, Vol. I, pp. 27-101, 1946
This article contains 18 tables, 50 diagrams and illuStratons.
It is the result of an investigalen and study ofmethods of con-
struction and utilization 6f small i dustrial buildings on the
Tairn- Peninsula by a specal group of permafrostologsts.
General characteristics of the region are given and include
topography, tcmperature and precipitation, and winds. Obser-
vations conducted during the construction of eie Dudiuka eec-
tric power station are shown. Observations are also shorn of
a temporar-y electric power station and a brick factory. These
observations consider the nature and occurrence of per.-mafrost

(31) ISTER, L. A. and MLNIMKOV, E. I, "The Adfree.ing Forces Acting
Be-ween Perma-frozen Ground and Wood or Concrete and the Resistance
to Shear of Pernafroz _n Ground under Field Conditions", Trudy of the
Cormuittee on Peraf rost, VoL X, Moscow, 1940, pp. 85-108

Tis author summarizes the results of field investigations carried
on at the Igarka pem-afrost station by the Committee on Plena-
frost of the Academy of Science, USSR. As stated in the title,
the study included the adfreezing forces of ground to wood and
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concrete and the resistance to shear of perrnafrozen ground ?nder
PE natural condakions.

(38) MORDVNOV, A. I., "The Relief and the Perma-rost of the Left Bank of the
Middle Ccu_--se of the Byssa River. and the Adjoining Hills of the Southern

Slopes of the Turanian Mtountain Chain". Trudy of the Committee for Per-

rnirostology. Vol. IX, pp. 57-133, 1940
The author discusses the general character of. the topography of the
area together with the occurrence of permalrost, drainage, Srcund
temperatures, frost mounds, and interrelation of pera-afros, and

topograpty. A bibliogrfplt dfi7 titles is included.

(39) NED0,tUCHAEV, N2 K., "The Soil and Conditions for Agriculture. Pasture
Lands and Truck Farming in the Yakut A.SSR..", Ac dery of Sciences.

Trudy of the Council for the Study-of Resources, the YakutA.S-S.R VoL 4,
leningrad, 1932, app 1-103

A small portion of thig lengthy article, devoted to the description
of the soils a the Yakut region, deals withthe ersmarrost condi-
tion and their relation to agriculture. A point *i interest is the
fact that the author states that pern-frost is a positive factor for
agriculture in this region irasmuch as, in view of the scax-A pre-

cipitation in the smmner, the pe-mnafrozen ron - being imer- -

vious to water. serves to preseprr me supl o spring snow ae
and summer precipitatian. Withou~t this factor, this region would
be a desert.

(40) OBRUCHEVJ V. A.. "Progress of Per-mafrostology in-!he USSR", .Obrucher i

m- M.emor'aI Volume by the Academy of Sciences dedicated to the
iniriet Annveraryof te October Revoluation, Part. 2. -~.21 -237.s-

cow. 1947
'This Attile is one of a series of n t pavers included in two

fr ozen n-ss, divis "ion of th permafost areas o'- regions ac-
ncordilg Vtllemperauie, thickness of perrnfost deradton

of p oe os.t o c nce fors0 regime of water iRnp i'x-
I- froze are'- as, r seassso ezng physico-mno enil peronerotie

of--oen re.io and engneering per-ncfuostology_

(41) OBRUCYV . "-stb tm e Wo of the Obrucher Insrtite of Permmaostolo
- 1945", Acaen of Sciences of the Sr ino egicl an e

ardiiag 5otperatme thiMo c, esgrd 1947-mf-, pp. 152-173
of :c arloit out 2-te =Idri4,teIsime of Perna-
frostam-vr w asoa cuie ih -ajr prcoblems:a (i)a grees
of *c permafrost ame t e ftereeig rcss 2 cni

ionsCE V of stabl consructio unde per--.afrost nitiaos Pean solg

(3) arcl feeing ou and mon al reserve of-coIl. Tih e study

of regional permafrost is covered by 12 chapters which in-

cinde observations in the region of Kalxner-U (European
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ltussia). thermokarst lakes of the Yakut, B&aika. Amiur. wym

Anadyr. Far East, andA Manchuria. Observations deal with the
general studyV of general perriafosiooy. Coinstruction unsder
permxafrost conditioins is dealt with- i&-5 chapterE; Three chap-
tens deal witht seasonAl. freezing; two with nleds. Ground tern-
peratures are conSidered in 2 chapsters- Five chAnpters deal with
such -Aspects ofC petin ifrost as the theizmar! proper-ties of the
ground. migration. of water in frozen ground, and ice storage. A
list-of 16 articles zablished in 1945 is included.

(4Z) OBRUCHEMY, V. A., The Work of the Obrucher Institute of PermmarostL1-gy
i19"% Academy of Sciences of the USlSR, Division of Geological and Ceo-

graphsical Sciences. 1945. pp. 114-13Z
TW.s article is a review of the work accomplished hr time members
'Of the Obruche Institmte Of Persnafrososy dring 194". 1In ad-

dilln tothe ateI published dnrng this year (t9,. 41 papers
by 29 different authors wert subntzd for later-nublicaian. in
6 insta nce S, the papjers reprezent t*-e work of a group of scien-
thiss as nnny as 7 in nmer- Eight papers deal1 with the va-prious
aspects of L -f ofbuildir foundations in permafrost
areas. One paerndeals with canalization uinder nefl a.f rost con-
dancens. One Pper- deals wit coal imng Fine papers deal

wM~~~~ -rbem ffcztu of airfields i'- the areas of vei--m
frost- One paper deals wit the zmethod of construction of szow
galleries for fte nr6tection of roads.. One Paper deals With

= torag house md of ice- One paper- describDes ice an its

properties. Three fliers; deal wit& frozen ground Eig-a papers
-- deal ttses lfrei.Two Ppers deal with frostbmnd

mud ~ t peiifot Sekril other paesdeal wit the useL Of
elAetfrol-agnetic 'nves in. Analysis ofrtkfmaisyr-

bUtil obserntiots.-mnlods of inc-reaiin vegeable cids,
etc.. ill uner permrafrost conink. Cue paper deals With
tec metowd of salt extraction inm the -YaIut TWSR by maso
L' eeuing. Many of &es" papers as set fart in ths Prticle are
abstracts .1 the papers as published originaJly.

(4-3) OBEUOISY, V. A.. -Om lfndred--'h Atniversary off the Firet Snmedition o!
the USSR Academxy of -Sciences for the Stmd-- of-FerrnafrostY' Izvestia of Te
All U non Geogatia -.B IScetVl 7 8, fln ts 5-4,- mp. 439-4714, 1946

Thauthot describes the eneditiain 6i A. F- Mddederf as
the first scientificatlnp to stzudy permafrost. Middemdort4
left St.- Peterslmrgai 14 V(o embr 1842 and returned wr
Silberia-on 1-Apr11 1"S,. His expedition studi-ed organic sea
HiU far f n the shmtes of the Taayreniasula, anmd veri-
Bied the presence of frozen gourni discovered -by local settlers
while ±!igging a well at Yakutsk- Cbhrucher. points outd tat after
ftis, reirminary work had been &--omlisely noting was dome
for Owme 85-years intervening between 1845 and 1930 --ben the
study of permafrost uas again resumbed.

- - %+4) OBRUCEY. S. V., "S lifAcional Terrasces ea T-heir Or-;ii Based on
-2 ~Studies in the Clhu-ktskRegion". f remi 'ProbWerv Arktiki", Vo- 3, pp. 27-
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48. am -No. 4. pp- 47-83, 193w7
rse aubor proposes, C- ate basis of his obser-va~ts i h
Chukok -tetioc, to discon t origim of solifntiim(hg
trr-aces which lave bee-- fom b7 pre-rioc inmvestigtors,

usualy imn the regio of ha e&" ei fa --- be-- of Sibevian
mtammi-. in ibe Cbnkatsk ea, !2y re1c in a aiC
belt of 2t1e short-- xzntan itretching fart mfore than &, lme-
sand; kilomters f-r= the Holyrna Ri-Vet in em teist to

Kolcbisk& Gb.in the east The anther- dinrasses the
nmrios teot-7tt o6 tome ori!i --I -he tLraces and ropss
a rmw thofi hit ownr- A billogram& of 5! tilac is -
cbdet

(43j* PETROV, V. An, "moAte$ off Cacuatin et Pressure itrom
WAters la ime luueds (ceFlsufl' T--iy of ueCa~so for fat

ofel Penafrst Vo:l. 11 Limgrad, 1934, pp. 59-ad
the erftiel it devoted pricipll to a CescriaCIU= of a firM

enenieatcb~ctd at ;he mwntoimon permafrost sktia
on the Am,----Yaku~k Ri lnv in 1930-31. the nrderii

niaer- in a ha&dm&n THe Sstes that ee insure equaled Sze

(46) PSRvuskti A. A. nkAaipsii t onit~ of caacty Mad& With owe
use o cm i ottMi 4 Ti-C-dy of &he Cmr=*e nth e of1 Pertnrof
*OU, Vo14 v. l- 19,MDSOW,3(

talclat~ it~- ~p~ity f a~asThe nlidity of Ste

condcte nea Kcb in a;:: rde r ~ FirisErieolea

Wage -..- n _

Sto Transz is -- Of .. ti at hr~ktePimre
layer-s", TtIag o i S Grmihew InstitAt co Peznr*oc L ot, o.
1214160, )ASmcowi, 194?V

This ticl 4e"1s wi&~ em stmdy of S rm mttmo electre-
Mmemc Raves 6 -= ei =ass Of nermat &= MraDe
'cork of anm enmdism Uo gmka~ 1940- ha is emosite ot a

speialci irntalsfltic- for0- S&e stmv of -S

iI adiaz t oter ira=_:a it was sbfra asit um shOrter-
wav e !ags te frmze greud a greet deal ease no=

!=alon one. E -higra~by OE 10 titles is givenm-

(43) PXEM"V15KY A..- -A c m on a.rtoLoiv. S. It, -Awjii of St wave
laezzSs Metl4 or = tk Stoy it Ite -Upper Layer of thm e cM. Trcfy of
the- (*arbew Icstitre a! enarsIVOLT 'tVpp. 1141 btw

east te nae, least-l mmteod can- be used for St electric sap-
ping of th elgclSutr f Ste =poer s=Uce it !be ea-rQ
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along two lines: the dielectric constant and the specific .7esistance.
The author discusses results of experiments made in Moscow,

over the ice in Lyublino near Moscow, and the work in Igarka. Six
diagrams are given to illustrate why the application of horizontal
antenna to determine the upper thickness of the layer can give
good results only when the upper layer has a small dielectric con-
stant. A bibliography of 5 titles is given.

(49) PETROVSKY, A. A., "Determination of the Lower Limits of Permafrost by
the Electrometric Methods", Trudy of the Commission for the Study of Per-
mafrost of the Academy of Sciences of the USSR, Vol. III, Leningrad,193 4 ,
pp. 5-Il

This article deals with the results of achievements during the
3-1/2 years of study of application of electrical methods for the
determination of the thickness of permafrost. It is interesting to
point out that the best results were obtained at night when the
surface of the ice was frozen. During the day, a thin I ayer of
water was formed on the surface c'f the ice which increased the
capacity and disrupted the observations.

(50) PODOL'SKI, V,, "Experience of Excavation in Mining in the Arctic under
Permafrost Conditions", Problems of the Arctic, No. 4, pp. 79-82, Lenin-

Erad, 1939
This article cites the results of experiences of mining under
permafrost conditions. All mining, both surface and underground,
requires the use of explosives under permafrost conditions. Be-
cause of the difficulty of transportation and the extremely low

temperatures, the .hoice of explosives is important. The author
states that arinionite- in capsules is the best type of explosive

for this purpose.

(51) PONOMAREV, V. M., "The Study of Permafrost in 1936", The Soviet Arc-
tic, No. 2, pp. 111-112, Moscow, 1936

The author states thac prior to 1935, little work had been done in
the territory served by the Department of the Northern Sea Route.
In 1936 three new permafrost stations were established at Anadyr,
Yakutsk, and Amderma. Additional work was planned at other sta-
tions.

(5?.) POVKH, I. L., "The Permafrost Conditions in the Village of Samarova on
the Orb River", Trudy of the Permafrost Committee, Vol. 9, pp. 150-162,
Leningrad,1940

This article deals with the discovery of permafrost conditions
in the village of Samarova ;n the region of the Orb River. The
author concludes that the permanently frozen ground is of re-
cent origin inasmuch as the layer of ground has been recently
deposited as the result of considerable shifting of the Irtysh
River bed.

(53) RABOTNOV, T. A., "The Flora of the 'Naleds'", Izvestia Geographical So-
ciety, No. 3, pp. 395-408, Moscow-Leningrad, 1937

This is the report of the investigation in the basin of the upper
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part of the Aldan and Timpton Rivers in the Yakutsk ASSR. The con-
clusions cite the wide distribution of low shrubs as L factor of the
peculiar ecological conditions typical for tundra flora yet connected
genetically with the forest areas. The author considers the shrub
bir-ch more ancient than other low scrub vegetation and a relic of
the ice age, and points out the economic value of the low shrub area
for reindeer breeding. Bibliography of 14 titles is given.

(54) REDOZUBOV, D. V., "Laws Governing the Regularity of the Temperature.
Field in the Permafrost Region at Vorkuta", Trudy of the Obruchev Insti-
tute of Permafrostology, Vol. 1, Moscow, 1946, pp. 137-166

This article consists of 2 parts. Part one deals with the laws of
temperature in the permafrost region and part tv'o deals with the
application of these laws to specific conditions at Vorkuta. The
author emphasizes the importance of the detailed study of tem-
perature curves to determine the existence of permafrost degra-
dation. Bibliography of 9 titles is given.

(55) RICHTER, G. D., "'Notes on Peat Mounds in the Region of Nudozero Lake",
Trudy of the Commission for the Study of Permafrost, Academy of Sciences,
USSR, Vol. 3, Leningrad, 1934, pp. 121.126

This paper is the result of observations made during the work of
the Kola Peninsula expedition.

(56) ROCHLIN, M., "Small Excavations Under Permafrost Conditions by Means
of Explosives", Problems of the Arctic, No. 2, pp. 221-223, Leningrad,
1938

This brief article describes the experiences of the first Chunsk
geological expedition which conducted a survey of permafrost
conditions in the Chunsk Gulf region between latitudes 690-700 N.
The author describes the method of thawing the top of ground
by burning oil on the surface and the use of explosives.

(57) RY.A.BUKHIN, G., "Certain Manifestations of Permafrost in the Region of
Ust-Port", Problems of the Arctic, Vol. 6, pp. 82-85, Leningrad, i939

This article deals with some observations on the character and
-manifestation of permafrost in the region of Ust-Port conducted
during the oil prospecting in this region in 1939. The author gives
a detailed description j the geological structure of the locality
including frost blisters and frost heaving. He also points out
the difficulty with thawing during the drilling of the oil well. -

This damaged the drilling machinery. No difficulty was en- .
countered in drilling through the permafrost. Bibliography of
3 titles is given.

(58) SALTYKOV, N. I., "Building Foundations in the Region of the Bolshezemel-
skaya Tundra", Trudy of the Obruchev Institute of Permafrostology, Vol.
IV, pp. 124-204, Leningrad,1944

Th.s lengthy article deals with the author's observations and
general conclusions pertaining to the peculiar problems oi
building in the everfrozen ground of the Bolshezemelskaya
Tundra in the Vorkuta coal region. The author's conclusions
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deal with selection of the best type of foundation, its depth, type
of building, and expected result from the underlying frozen ground.

(59) SALTYKOV, N. I., "Canalization Under Permafrost Conditions", Academy
of Sciences, Obruchev's Institute of Permafrostology, Leningrad, 1944, pp.
1-51

This article discusses the construction of a sewer system at
one of the experimental stations in the extreme north of the
European part of the USSR. in conclusion, the author states:
(a) the sewer system under permafrost conditious demands the
application of special measures during the initial period of. its
operation such as artificial heating or the addition of water;
(b) the same methods of thermal calculation can be applied to
both the water supply and sewer system; (c) temperature of the
sewage at the outlet should be near plus 10 C; (d) the size of the
sewer system will be determined by the minimum number of
buildings which will be served by the system; (e) where sewage
flow is small, a continual check on operation is necessary; and
(f) further work must be done to determine heat loss in such
materials as wood when used at shallow depths for pipes. Bib-
liography of 8 titles is given.

(60) SALTYKOV, N. I., "Building Foundatiors in Yakutsk", Trudy of the Obru-
chev Institute of Perinafrostology, Vol. 1, pp. 102-136, 1946

This article describes the deformation of buildings in the city
of Yakutsk and gives an analysis of the deformation. The fol-
lowing conclusions are reac.ed: In buildingt with the basements
or cellars constructed directly on the natural or fillea-in ground,
some local thawing takes place even under the cold climatic con-
ditions of Yakutsk. In the construction of heated buildings, the
use of a warm double floor and an ordinary basement, of .4 to
.5 meters high, is sufficient to preserve the permafrost. An
empty space must be left under the floor to preserve the perma-
frost under industrial buildings with higher than normal tem-
peratures. Open or ventilated cellars and basements should be
used. A bibliograph:, of 9 titles is added.

(61) SH1MANOVSKY, S. B., "Observation on the Soil Temperature in the Town
of Yakutsk", Trudy of the Permafrost Commitee, Vol. 10, pp. 155-160,
Leningrad, .1940

The author describes the results of soil temperature observa-
tions conducted in Yakutsk.

((Z) SHVETZOV, P. F., "Permafrost and the Engineering and Geological Con-
ditions of the Anadyr Region", Publication of the Glavsevmorput (The
Main Northern Sea Communications Department) of the Sovnarcorr of the
USSR, Leningrad, 1938, pp. 3-78

This article deals with the study of the Anadyr region including
permafrost, groundwater, etc., and characterization of the
ground with a viewto determining the suitability for construc-
tion.
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(63) SHVETZOV, P. F., "The Role of Permafrost and Subperrafrost Waters in
the Hydrology of the Basins of the Rivers Indigirka and Yana", Izvestia of

Academy of Science of the USSR, Geological Series, No. 6, 1946, pp. 137-
i5SZ

This article is devoted to th e peculiarities of the water runoff
-in the basin of the Indigirka and Yana Rivers. The author states
that the hydrological peculiarities of the region are factors of
the permafrost as well as meteorological conditions. The origin
of water underneath the permanently frozen ground, which feeds
the icings and rivers, is not clear. More work must be done on
this subject. A bibliography of ZZ titles is given.

(64) SIZOV, V. N., "Construciion Work Under Winter Conditions", People's

Commissariat of Civilian Construction of RSFSR, Moscow, 1946, pp. 2-83
This technical manual is designed to aid the construction engi-
neer in building under winter conditions. There are 8 chapters
including preparation for winter work, earth work or excava-

tion, preparation and transportation of solutions and concrete,
brick and stone work, concrete and steel work, roofing, laying
floors, ceilings, and partitions under winter conditions and

finishing work. Bibliography of 9 titles is given.

(65) SOLOV'EV, S. P., "Permafrost in the Mountain Part of the Kabarda
Palkariva", Izvestia Geographical Society, No. 3, pp. 364-368, Leningrad,
1937

This article describes the layer of permafrost discovered dur-
ing a geological survey in the Tyrny-aus region of the northern
Caucasus, some 90 kilometers west of the city of Nal'chik. Bib-
liography of 4 titles is given.

(66) STEPANITSKAYA, N., "Permafrost in the U. S.S.R., Our Country*'No. 10,
1938, pp. 55-56

This article discusses the origin and distribution of perma-
frost in the USSR. A map is given showing the limits of the

permafrost area with other notes.

(67) SURHODOL'SKY, E. I., "Construction of Wooden Bridges in the Northern

Districts of the Permafrost Area", Moscow,1945
Material for this study was obtained from the Z year expedi-
tion of the Committee for the Study of Permafrost which
worked in the southwestern portion of the Taimyr Peninsula
in the area of a narrow gauge railway. The author discusses
the advantages of wooden bridges under local conditions as
well as specific types of bridge construction. Bibl3ography
of I2 titles is given.

(68) SUMGIN, M. I. and PETROVSKY, A. A "The Importance of Electrical
Methods for the Study of Permafrost", Trudy of Obruchev's Institute of

Permafrostology, Vol. V, Moscow, 1947, pp. 15-17
The author explains the many uses of the magnetic and elec-
tric methods is due to their comparative cheapness and rate
of adaptability under a variety of conditions. Map is shown
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giving the area in which geophysical methods have been applied.
Bibliography of 6 titles is included.

(69) SUMGIN, M. I., "Contribution to the Study of Permafrost in the Peat Mounds
of the Kola Peninsula", Trudy of the Commission for the Study of Perma-
frost, Vol. II, Leningre.d,1934, pp. 107-115

This article is the partial result of the expedition of !he Kola
Peninsula in 1932 to study the influence of permafrost on the
economy. Numerous peat mounds were investigated.

(70) SUMGlN, M. I., "Permafrost", The Soviet Arctic, January 1936, pp. 93-97
This article points out the importance of the study of perma-
frost under the Drogram of utilization of resources of the
Soviet Arctic. The author states that permafrost is espe-

cially important in the study of Siberia.

(71) SUMGIN. M. I., "The Future of the Study of Permafrost in the Yakut Re-
public", Trudy of the Committee for Permafrostology of the USSR Academy
of Sciences, Vol. IX, pp. 5-27, 1940

This article describes the program for the study of permafrost
in the Yakut Republic. The author sets up a number of theoret-
ical problems as well as practical problems to be studied and
solved. He states that a central laboratory should be set up in
the Yakut Republic.

(72) TOLSTIKHIN, N. I., "'The Subterranean Waters of the Lithosphere", State
Publishing House of Geological Literature of the Geological Commission

of the Sovnarcom of the USSR, Moscow, 1941, 200 pp.
This article deals with the various phases of permafrost,
groundwater, subterranean waters, and surface waters-.
Bibliography of 189 titles is given.

(73) TSYTOVICH, N. A., "Some Peculiarities of Construction-in the Permafrost
in the Region uf the City of Yakutsk", Trudy of the Committee for Perma-
frostology, Vol. IX, pp. 27-37, 1940

The author discusses the foundations of buildings in the city of
Yakutsk, pointing out that the deformation of stone buildings in

Yakutsk is very widesprzad. that brick buildings all show evi-
dence of considerable cracking and settling, and that the pre-
servation of permafrost would have prevented these deforma-
tions. He gives suggestions as to the methods of preserving
permafrost and notes that small buildings could be erected on
sandy, well-drained ground without special anti-permafrost
measures.

(74) TSYTOVICH, N. A., "The Problems of the Ground as Related to the Determi-
nation of the Depth of Foundations", Article in "Depth of Foundation Place-
ment for Buildings with Few Stories in Conjunction with Seasonal Freezing
of the Grounds", Institute of Permafrostology, Academy of Sciences, USSR,
1946, pp. 7-15

This article discusses the pxoperties of water in the pores of the
ground as related to the freezing of the ground. The article points
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out there are 3 types of water according to present know-

ledge: bound water, oriented water, and free water. Bound
water is characterized by the presence of enormous molecu-
lar pressure, has greater density than free water, etc.
Oriented water is subject to molecular pressure of less-r
intensity and only a portion of it freezes at the loweri ir of

i minus iemperatures. The balance requires a much lower
temperature before freezing. Experiments show that even
at a temperature of -78oC, a certain portion of the oriented
water remains in the liquid state. Free w;ater contained in
the larger pores of the ground freezes at a temperature
near 0°C. Capillary water freezes at -I to -41C. The
author concludes by pointing out the necessity of further
study of the freezing process of various types of ground
in this region of the U3SR.

(75) TSYTOV1CH, N. A. and SUMGIN, M. I., "The Principles of ihe Mechanics
of Frozcn-Grounds", Academy of Sciences, Moscow, 1937, p. 432

This article by two of the Soviet*s greatest specialists on
permafrost consists of 10 chapters. Part I of the book deals
with exp.!ri.-nts and theory, and Part U with the practical

application of the principles developed in Part 1.

(76) TSYTOVICH, N. A., "Study of the Elastic and Plastic Deformation of
Frozen Grounds", Trudy of the Committee on Permafrost, Vol. X, Moscow,
1940, pp. 5-35

The author indicates the importance of the study of elastic
deformation for stationary loads on the ground during coi-
struction. This is especially important in dealing with
frozen ground and it beomes necessary to determine the
relationship between these deforuiations and the minus
temperature of the ground; specifically, at what tempera-
tures the elastic and plastic deformations take place. Re-
sults of experiments by the permafrost laboratory of the "

Leningrad Engineering Institute of Communai Construc-
tion are given.

(77) TSYTOVICH, N. A., "Certain Mechanical Properties of Permafrozen

Grounds in the Yakut Region", Trudy of the Comnrf'ttee on Permafrost, Vol.

X, Moscow, 1940, pp. 109-136
The author describes the results of field and laboratory
investigations at several points in the Yakut region, includ-

ing the town of Yakutsk. The author reaches the following
conclusions: The degree of settling of the frozen ground at
thaw under pressure depends upon the initial natural state
of the ground especially on its porosity. The value of the
coefficient of compressibility of frozen ground at thawing
is a first degree function of the initial coefficient of porosity.
The dust-silt sandy clay and argillaceous loams have the
greatest degree of compressibility at thawing. The sands
have the least. The described method of determining the

coefficient of compressibility at thawing can be applied in
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practice for c'_nstruction purposes to enable the predetermination

of possible settlement and the application of necessary ccunter
measures.

(78) TUMEL, V. F., "Contributions to the Study of Permafrost Conditions in

the USSR", Academy of Sciences of the USSR, Trudy of Geographical Sec-

tion, Vol. 37, Leningrad, 1946, pp. 124-131
This short article deals with the question of the origin of perma-
frost. The author compares the process of formation of glaciers
with that oi permanently frozen ground and indicates the difference

between the two. Several genetically different types of permafrost
conditions are described. There is a bibliogra y of 20 titles.

(79) TUMEL, V. F., "The Sixth All Union Conference on Permafrostology",
Viestnik of the USSR Academy of Sciences, Vol. 6, 1939, pp. 65-70

This article consists of a statement regarding the various re-
ports by many specialists at the conference on permnafrostology.
Since 47 per cent of the total te-ritory of the Soviet Union is

subject to permafrost, the study of permafrost is considered
of vital importance to the Soviet economy. The development
of a station for permafro.tology is being hindered by the in-
suffic ient number of trained workers; more instruction and
more publication are needed in this field.

(80) TOMEL, V. F., "Certain Geographical Results of Soviet Permafrostology*.
Izvestia of R. A. of S., Geographical Geological Series, Vol. X, No. 2, p_.
Z05-ZI2, 1946

The history of the development of permafrostology was sum-
marized in 1943 by Sumgin. The present article deals with the
separate geographical aspects of permafrostology. References
are made to the distribution of permafrost, temperature of per-
mafrost, and suggested studies. A bibliography of 19 titles is
given.

(81) TU2ML, V. F., "Some Peculiarities of Behavior of Foundations under
Occupied Buildings in the Northern R!, gions of Permafrost Distribution",

Trudy of the Obruchev Institute of Permafrostology, Vol. 1, pp. 5-26, 1946
The author cites several examples of building deformations re-
sulting from changes in the permafrozen ground under their
foundations and some practical measures which were utilied

in an attempt to remedy the situation. The village of Dudinka
and the city of Igarka had aeveral problems in house founda-
tions which were investigated. General climatic data of a given
region do not give sufficient information for engineering pur-
poses. Specific temperature data at the site are essential.
Bibliography of 27 titles is included.

(82) TUMEL, V. F., "The Igarka Experimental Underground Chamber in Per-
mafrozen Ground', Publication of the Obruchev Instiaute of Permafrostology,

1945, pp. 3-80
The author gives a detailed account of the construction and
characteristics of two underground chambers constructed at
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the Igarka PermalJ- Pst Station. Temperatures and planning of
such chambers are discussed at length. Bibliography" of 12
tites is given.

(83) TZIPLENKIN, Er I., "Permafrost and its Influence on Agriculture", Trudy
of the Obruchev Institute of Permafrestology, Vol. IV, pp. Z30-255.. Moscow-
Leningrad. 1944

The cultivation of plants under permafrost conditions is discussed
a± length. Methods of improving conditions such as the early deep
winter plowinp and the use of fertilizers are discussed. Biblio-
graphy of 47 Russian and 10 foreign references is given.

(84) VITTENBURG, P. V., "The Temperature Changes and Underground Water
in the Permafrost Zone on the Vaigach and Amrderma Islands", Problems
of the Arctic, No. 9, pp. 5-Z9, 1939

This techical pamphlet aims to give a-n answer to the following
problemas which are important for mining operations in the arc-
tic, (I) depth of _ctive layer, (2) lower liits of permafrost layer
and dept-1. to vater, and (3) presence of mine waters in zone of
permafrost and the state in which they are found -- solid or
liquid. Bibliography of 1 0 titles is given.

(851 YERMNOLAEV, M., "Instruction for the Expeditiorary Study of Fossil Ice
as a Geographical Factor", The Arctic Institute, pp. 1-42, Leningrad,1932

This pamphlet was issued by the All Union Arctic Institute for
the study of fcssil ice primarily during expeditions. The article
has i 0 illustrations and a bibliography of 140 titles, in Russian
and foreign languages, containing literature dealing with regional
descriptions ox lossil ice, general works on the subject, petrog-
raphy and paleontology.

(86) YERMILOV, I. Y., "Permahrozen Ground in the Bogoslovsk Region of the
Central Ural", lzvest - of the Geographical Society, Vol 78, Parts 5-6, pp.
391-3, Leningrad, 193;

This article describes !he occurrence of permafrost outside the
limits of its basic distribution. The author cites four exwxples
of the occurrence of permafrost in a bauxite mine, "The Red
Hat", in the Central Ural.

(87) ZHUKOV, V. F., "The Method of Determination of the Side Press-are on
Shaft Linings in the Permafrost Region", Trudy of -the Obruchev Institute
of Permafrostology, Vol. 6, pp. 169-175, Moscow, 1944

This technical article deals with the methods of calculation of
the stresses for shaft linings in the region of permafrost. The
author discusses previous methods for calculating the pressure
an suggests a new method. He believes his is more accurate
since it takes into consideration the thawing of permafrost ad-
joining the outer 'wtalls of the lining.

(88) ZHUKOV, V. F., "Cracking of the Grou.n: . Caused by Frost in the Perma-
frost Region", Trudy of the Obruchev Institte of Permafrostology, Vol. IV,

spp. 2;6-ZZ9, Moscow-Leningrad,1944
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This article deAls with the often encountered phenomena of crack-
ing of the ground under freezing conditions. Frost cracks are due
to the horizoi.tal deforxenation of ground under the influence of
freezing. With a sharp) drop of temperature, the upper portion of
the ground contracts- These cracks may -each a depth of 2.5
meters. Usually cracking takes place in the fail before the ground
is protected by a layer of snow. The author suggests that damage
to buildings can be prevented by keeping the buildings from, being
tightly frozen to the groand.

10. BIBIOGRAPHY OF RUSSIAN PUBLICATbONS DEALING WITH PERP.MAFROST
AND RELATED SUBJECTS. A list of the latest publications of the USSR on ice and
snow, prepared by'Professor B. F. Weinberg, Central PhysicaI Observatory, Leningrad.
USSR, is published by the Inational Rese~rch Council, Transactions of 1940, -Ameri-can
Geophysical Union, Part 11, pagrs 757-779. A general list, in English with some exceptions.
of current publications on snow and ice is given on pages 150-756 in the same publication.

I i. SPECIAL :.EPORT, STRATEGI-C ENGINEERNG STUDY NO. 62. "Pernafrost
or PermanentliFrozen Ground and Related Engineering Problems"~, prepared by the U.. -S.
Geological Survey for Military Intelligence Division, Office, Chief of Engineers, dated Au-
gust 1945. contains a short bibliography on pages 225-230.

12. LIST OF NEW RUSSIAN TECHINICAL PUBLICATI01M DEALING WITH PERMIA-
_NENTLTY FROZEN GROUND.. A bibliography has been received from the U-. S. Geological
Survey under the following title: "List of Some New Russian Technical Publications Deal-
ing with Permanently Frozen Ground". by Miss Inna V. Poire, Geologist.

13. RUSSIAN ARCTIC ENGItiEERING DOCTRINE -~A BIBLIOGRAPHY. The fol-
zZ lowing bibliography was prepared by The Engineer School, The Engineer Center, Fort Sel-

voir,Virginia and-is dated 29 August 1947: "Russian Arctic Engineering Doctrine, A Sib-
-liography".

Part I consists of an introduction. The information contained in this bibliog-
raphy was prepared from lists of Russian publications compiled by the U.. S.
Geological Survey and the Defense Research Board, Canadian Department of
National Defense. Ottawa, Canada. The Engineer School is indjebted to these
agencies for making thete lists available and for permtting their reproduction
and distribution within the Corps of Engineers.

- This bibliography represents only a part of the Russian works released in
recent years. The value of the publications is limited since only alfew complete
English trmanslations are available. In some instances, indicated in the bibliog-
raphy, Russian volumes contain short English abstracts or surnmaries bound ita
the book, or have been abstracted- in part by, the Geological Survey or other hold-
ing agency.

Part UI of this bibliography lists the titles obtained from the Geological Sur-
vey. '-ome of the texts are known to be in the Library of Congress, the Geologi-
cal Survey Library, or the Smithsonian Library.

Part III lists the titles. obtained from the Canadian source, of Russian publi-
cations held by the Library of the Defense Research Board.
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14. BIBLIOGRAPHIES OF RUSSIAN LITERATURE. O-C.E. The folowin!g bibli-
ographies <A Russian literature were recelved fromn the Office, Chief of Enginea'rs:

(1)0GS47/9 Commit Atee on Geopnysical Sciences of the Research and Develop-
m'ent Board. "Exovlorations and Investigations Executed in ! 9 4 by the In-
stitute Merzlotov'eden " of the Academy o-- Science of the USS~I', List alo.
9, dated 12 April 14

This is a fist of 58 references dealing principally with pe--rvdrost
and allied subjects.

GS)047/10 Commnittee on Geophysica Sciences of the Research and Develoo-
ment Board. "List of Sone New Russian Technical lublications Dealing

withPeranetlyFroezzGro-znd", List No. 10. dated 12 April 1948
This is a His. of 50 references.

15. SUMMARIES OF RUSSIAN ARTICLES 0 O.CE. The following summaries of
various Russian articles were received from the Office. Chief of Engineers:

(1) GS 63/1 Committee --- the Ge-op4:wsical1 Sciences of tht Research and Devel-
opmnent Board. "'Works of the Institute for the Study of 7rozen Soils of the
Academy of SciZences of the USSR". from Russian per.oc cal "Truy in-
stituta Merzls-tovedeiya i neni V. A. Obruche.a.. VOL. V. .047" ed!ei by
A. %4- Chekotillo and subtitled "The Electrornetry and Ondornetry of Per-
mnafrost Strata"

Stummaries of 8 articles on electrical methods for the study of
permTanently frozen Sground are included-.

(2) GS 64f/1 Committee or. the Geo l~sical Sciences oi-the Research and -Devel-
opment Board. -Housing and Light Industrial Contstruction in Permafrost-
Regions", from Russian periodical "Trudy Instituta Merzlotovedenlya
imen-; V. A_. Obrucheva", Vol. 1. 9-46, edifted by A_ Chelkotillo, Acting Di-
rector of the Insttute

Stanmmaries :F_4 articles on building foundations or. pern-afrost are
included.

(3) KOBEKO, P_. P., SMlSHM.14, X. 1L. MAREY F. I., and I VANOVA, N. S,
"Breakdown and Carrying Cmpacity of Ice", Physico-Te-?wizal institute,
Academy of Sciences, USSR. Leningrad. H. -June 1945

Presentation of data on the relation of breakdown load to the thick-
ness of ice with a constant surface distrihution, of load-. It was
shown that, uith ice from 0.15 to "SO cm thick, Che relationship
varies as the scuare of the thicikness. Presentation of data on
the relation of breakdown load t,- the area of distribhUtig-n oft load
for ice -with a thickniess of 1.5 cmn. It is shown-z that, with po-
longed application of the loads, the carrying capacity of ice is de-
terinzed by the combined total of elastic azvd plastic defozration.

M4IVAlKOV, K_ Ye., KOBEKO, P. P. and SHUL'NLAN, A. RI., "Deformnation of
an Ice Cover Under Moving Loa'is", P1hysico-Technical Institute, Acad-
erny of Sciences, USSR, Leningrad, 25 July 1945

The deformnatica of ice under the action of moving loads has been
t_ ~studied. It has been demonstrated that at speeds from 5 to !r- km/br,
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a movernent of depression equal to the speed of movement of the
load is ober-ed. With speeds above ZC k-r m, wave vibratinns

which were formed spread far to the sides of the route. The
formation of these waes wras related to the generation the hydro-
dynamic waves produced by the movenent of depression. A
formula has been derived for the velocity of propagation of the
ice vaves as function of the coefficient of elasticity, the thick-

cess of the ice cove., and the depth of the pond. Te velocity of
z propagation of the ice waves (v =35 krn/hr), their wave lenZth

(X.= 150 meters), and the coefficient of elasticity of the ice cover
E= 44,000 ksq cm), have been determined. The possibility of
resonance, where speed of .e mov-g loads equals the velocity
of the Propagation of the ice w-es, has been demonstrated. In
those instances, amplitudes large enough to cause the ice to
break mnay develop. Sample rules for the movement of auto-
mobiles along a rcute are given. Bibliography of I ! articles is
given.

(5)KOBEKO. P. P., SIlSl-aN, N. l.,.AREt F.I.,and IVANOVA, N. S., "Plas-
tic Deformation and Viscosily ol Ice", Psic-Technical Institute, Acad-

emy of Sciences, USSR. Ieningrad, 25 Itay .1945
A method was descr2bed of studying the plastic deformation of
floating natural ice. Charts are given of elastic and plastic
ice deformation. It was shown that the rate ol ulastic deforma-
t-on is constant ath a consta=n prolonged load. A method of

measuring the visco -i-sity of floating natural ice was developed.
The viscosity of ice at 0 degrees C was detetminted. It was
proved that plastic deformation e-en with small-loads eventually
leads to breakdorz of the ice, if its temperature = 0 degrees C.
Dangerous and safe values of breakdown pressures for long-time

Sburdens on ice are determined. Bibliography of S titles is given.

(6) Article from the USSR Engineering P.rmafrost Arctic Studies, Febru-
ary 1947, Zheleznodo-oslnyy Transport No. Z, "The Skororodino Polar

Station-" translation prepared by Research and Development Board, Tech-
nical Iruciligence Branch, GS 6512

The Skovorodino Polar Station of the All-Union Scientific Research
Institute of Railway Transporttion is located in the far north, in
the region of eternal frosL Its purpose is the systematic study of
the geological, lydrogeological and geotechnical conditions of the
eternal frost region with a view to ins taling and exploiting rail-

way structures in such regions. Observations made on the Stmtion-
throughout many years have determ-ined that embedding of rein-
forced concrete found-tions into the eternal, frost layers, at a
depth equaling half the height of the active layer, (which in
Skovorodino amounts to Z-3 m) does not guarantee ei stabil-
ity. Al fou-ndations placed at such dep t were subject to bal-
ing in the 'inter, and to settling in the sumner.

16. vLMuC 1 CS OF SOILS, BASES Ak FOUNDATION, S. This office also has a

translation of the Russian text on "Mechanics of Soils, Bases and Foundtions", Part U,
Second Revised Edition, Moscow, 1943, by A. V. PataleCV and S. Ya. Borhen!kv.
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I

in August and September 1945, in connection with the aerial
photographic reconnaissance investigation under the contract
held by Purdue University with the St. Paul District, Corps
of Engineers. rhe depth to permafrost, various kinds of
silt, s-'nd and grm:zx- formations, as well as vegetation and
similar items pertinent to permafrost, are shown. The4
photos are taken along the Alaska Highway and include areas
in the vicinities of Northway, Tanacross-, Big Delta, Fair-
banks, Cleary, Sunmm-it, Bettles, Galena, Nome, und Point
Spencer.

STOECKELER, E. G., "Identification and Evaluation of Alaskan Vegetation
from Airphotos with Reference to Soil, Moisture and Permafrost Conditions,
A Preliminary Pap-r", Sune !948, St. Paul District, Corps of Engineers,
U. S. Army

The purpose of this paper is to familiarize the air-photo inter-
preter with (1) the basic natural influences which govern plant
arowth and distribuItion; (2) the value of vegetation as an indi-
cator of soil text.ur2-, drainage and permafrost conditions; and
(3) the description cif air-photo patterns of the different cover
types occurring in the permafrost zone in Alaska. This paper
is written expressly for engineers and soils men having a
limited knowledge of the botanical sciences and is r"'t intended
to be an ecological treatise. .

SWARTZ, J. H. and SHEPARD, E. R., "Report on a Preliminary Investiga-
tion of the Possible Application of Geophysical Met:.ods to Studies of Perma-
frost Problems in Alaska", 1946, Consultants, Office, Chief of Engineers
for the St. Paul District, Corps of Engineers, U. S. Army

Report on an investigation to determine whether depths to
permafrost and details of permafrost stratigraphy could be
deterrr~ined by geophysical meas'irements. Electrical re-
sistivity measurements were made in the Northway, Fair-
banks, and Galena areas, and a seismic station was measured
near Northway.

UNIVERSITY OF MINNESOTA, "Laboratory Research for the Determina-
tion of the Thermal Properties of Soils, Quarterly Report", 1 April 1946,
Engineering Experiment Station, University of Minnesota, for the St. Paul
District, .orps of Engineers, U. S. Army

This report covers the activities carried on by the Uni-
versity of Minnesota, under contract, to determine under
varying conditio.-s of temperature, moisture, bulk density,
and composition, the thermal properties of representative
soils and organic material from Alaska. The specif ic tests
included are thermal conductivity, specific heat, and diffu-
sivity, as well as certain preliminary tests for identification,
such as gradation, A~terberg limits, etc. This report reviews
the conception of the idea of the thermal conductivity appara-
tus, the design, the construction, and the plan of testing, up
to the date of the report.
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UNIVERSITY OF MINNESOTA, "Laboratory Research for the Determina-
tion of the Thermal Properties of Soils, Semi-Annual Report", 1 October
1946, Engineering Experiment Station, University of Minnesota for the St.
Paul District, Corps of Engineers, U. S. Army

This is a supplemental report to the quarterly report mentioned
above. Thermal conductivity tests have been conducted on two
soils, both sands. Several improvements have been made on
the apparatus, and methods of placing the soils, running the
tests, and making the calculations have been developed. The re-
sults are presented in tabular and graphical form. The sesults
on one soil approximately check those determined by the Frost

I Effects Laboratory at Boston.

UINIVERSITY OF MINNESOTA, "Determination of Thermal Properties of
Soils for Investigation of Airfield Construction in Arctic and Subarctic Re-
gions", January 1948, Engineering Experiment Station, University of Min-
nesota for the St. Paul District, Corps of Engineers, U. S. Army (Published

A report on a research program to determine, under varying
conditions of temperature, moisture, bulk density, and composition,
the thermal properties of representative soils and organic inaterial
from Alaska. Soils tested were typical materials from repions of
permafrost. Mechanical analysis, plasticity, and compaction tests
have been made on all of the soils. The program also included
tests on precast insulating slabs prepared from materials used in
the foundations of some of the experimental field installations in
Alaska. The soil testing equipment used was designed and built in
the Engineering Experiment Station.

UNIVERSITY OF MINNESOTA, "Final Report, Labratory Research lor
the Determination of the Thermal Properties of Soils", September 1948,
Engineering Experiment Station, University of Minnesota for the St. Paul
District, Corps of Engineers, U. S. Army

This report presents the results of the investigation mentioned
in the above report dated January 1948.

U. S.A RMY, "First Annual Report, Investigation ofAirfield Construction in
Arctic and Subarctic Regions", May 1946, St. Paul District, Corps of Engi-
neers, U. S. Army

A report on an investigation composed of the following studies:
(1) Site study of existing or proposed airfields; (2) Construction
methods and equipment; (3) Meteorological data; (4) Labori tory
research on thermal properties of soils; (5) Theoretical sbdies

SF-z of heat flow in permafrost; (6) Library research; (7) Aerial photo-
graphic reconnaissance; (8) Geophysical exploration methods; and
(9) Development of testing equipment for drilling and soil samp-

.a ling work.

U. S. ARMY, "Supplement to First Annual Report, Investigation of Airfield
Construction in Arctic and Subarctic Regions", October 1946, St. Paul Dis-

* trict, Corps of Engineers, U. S. Army
A supplemental report to the First Annuil Report mentioned above.
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U. S. ARMY, "Interin Report n-i Arctic Construction Equipment", 12 July
1945, St. Paul District, Corps of Engineers, U. S. Army

A report or. material collected on arctic construction equipment
including opinions on airfield site selection, road and landing
strip design, and discussions of methods of transporting equip-
ment and supplies to a site, ab well as statements pertaining to

equipment and its use in the actual construction of airfields in
the Arctic and Subarctic. Includes photographs and illustrations
of equipment used in the -Arctic and Subarctic.

U. S. ARMY, "Methods of Obtaining Core Samples in Permanently Frozen
Ground", Z3 October 1946, St. Paul Distr-ct, Corps of Engineers, U. S. Army

A letter report on the experience of the Field Operations Branch,
Permafrost Division of the St. Paul District in obtaining core (:
samples from permanently frozen soil in Alaska. Deals pri- IV
marily with the use of the Longyear Model UG 8-in. diarmond core
drill. Contains photographs of drilling operations and equip-
ment. .

U. S. ARMY, 'First Annual Report, Arctic and Subarctic Drainage Investi-
g'ations", September 1947, St. Paul District, Corps of Engineers, U. S. Arn-r

A report on an investigation to determine design, construction
and maintenance procedures suitable for the drainage of air-
fields located in arctic and subarctic areas subject to potential
military operations.

U. S. ARMY, "Second Annual Report, Investigation of Airfield Construction
in Arctic and Subarctic Regions", March 1947 (in 5 volumes), St. Paul Dis-
trict, Corps of Engineers, U. S. Army

The second annual report on this investigation includes the fol-
lowing: Main Report; Appendix A. -- Photographs of Northway

Airfield; Appendix B -- Construction Photographs of Fairbanks
Research Area; Appendix C -- Photographs of Drilling Opera-
tions and Installation of Ground Temperature Equipment; Appen-
dix D -- Report on Investigation of Foam Compounds for Cell
Concrete Conducted by U. S. Waterways Experiment Station,
Vicksburg, Miss.; Appendix E -- Comprehensive Program for
the Investigation of Airfield Construction in Arctic and Sub-
arctic Regions; Appendix F -- Laboratory Research for the
Determination of the Thermal Properties of Soils by the Engi-
neering Experiment Station, University of Minnesota; and Appen-
dix G -- Report on Aerial Photographic Reconnaissance Investi-
gation of Frozen Soils in the Territory of Alaska by the Engi-
neering Experiment Station, Purdue University.

U. S. ARMY, "Permafrost Investigation, Military and Civilian Housing
Areas, Ladd Field, Alaska", August 1947, St. Paul District, Corps of Engi-

neers, U. S. Army
A report on the exploration and evaluation of the sites of prol.-_ed
military and civilian housing at Ladd Field (Ladd Air Force Base),
Alaska to determine the presence of permafrost and its influence

on design.
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* U. S. ARMY, "Permafrost Investigation at Skull Clif f" July 1947, St. Paul
District, Corps of Engineers, U. S. Army

A report on the excavation and tooting construction with regard to
0 permafrost at the Loran slave tower location at Skull Cliff near

Barrow, Alaska, as requested by the Alaska District and the Navy
made during the period I to 9 July 1947.

U. S. ARMY, "Final Report, Permafrost Field Investigation, Bettles Air-
field, Alaska", May 1946, St. Paul District, Corps of Engineers, U. S.
Army

A report on observations of construction and the construction
history of the airfield at Bettles, Alaska.

U. S. ARMY, "Final Report, Permafrost Field Investigation, Galena Air-
field, Alaska", Z9 March 1946, St. Paul Disrict, Corps of Engineers, U. S.
Army

A report on the construction history of the airfield at Galena,
Alaska and observations made by this office.

U. S. ARMY, "Pavement Crack Survey, 26 Mile Satellite Field, Near Fair-
banks, Alaska", May 1947, St. Paul District, Corps of Engineers, U. S.
Army

A report on an investigation of several typical asphalt pavement
runway cracks made to ascertain the extent and nature of the
cracks and to determine the probable causes of their formation.

U. S. ARMY, "Report on Permafrost Investigation for Mile 26, Satellite
Field, I-add Field, Alaska", June 1947, St. Paul District, Corps of Engi-
neers, U. S. Army

A report on the exploration and evaluation of the site of the pro-
posed P-36 airfield at Mile 26, Satellite Field, Ladd Field,
Alaska to determine the presence of permnafrost and its influence
on the design, as requested by the Alaska District through the
Office, Chief of Engineers.

U. S. AR ty, "Final Report, Permafrost Field Investigation, Nenana, Air-
field, Alaska", 19 April 1946, St. Paul District, Corps of Engineers, U. S.
Army

A report on the construction history of the airfield at Nenana
and observations made by this office.

U. S. ARMY, "Report on Foundation Investigation of Nome Post Office and
Court House Building", April 1947, St. Paul District, Corps of Engineers,
U. S. Army

A report on an investigation made by the St. Paul District for the
Alaska District regar~ding the damage to the Nome Pist Office
due to subsidence and changes in frost conditions of the support-

:z ing ground.

* U. S. ARMY, "First Interim Report, Permafrost Field Investigation, North-
way Airfield, Alaska", 30 November 1945, it. Paul District, Corps of En-
gieers, U. S. Army
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A report on ar. investigation at Northway Airfield to collect
data on soil characteristics, ground temperatures, ground-
water, foundatian designs and other factors as they affect
design and construction at this site, and to observe the effect

of permafrost on the facilitir-s of Northway Airfield.

U. S. ARMY, "Second Interim Report, Permafrost Field Investigation,
Northwav Airfield, Alaska", May 1946, St. Paul District, Corps of Engi-
neers, U. S. Army

A summary of an investigation made at Northway Airfield to
observe the condition and behavior of runwa) s and structures
constructed upon permafrost, to collect basic data, and to

analyze these observations so that design formulas might be
developed and suitable construction methods peculiar to re-
gions of permafrost evolved.

U. S. ARMY, "Final Report, Observations During Construction of Project
'N'. Alaska", June 1946, St. Paul District, Corps of Engineers, U. S. Army

A report on observations made during construction of an air-
field and appurtenant facilities at Project "N", Point Spencer,

Alaska, with special attention to permafrost conditions.

- U. S. ARMY, "Report of Soils Analysis for Subgrade Materials at Site of
Test of Insulating Properties of Beach Sand Foundations, Pt. Barrow,

Alaska", June 1948, St. Paul District, Corps of Engineers, U. S. Army
A report on the soils analysis and evaluation of subgrade charac-
teristics at the site of an experimental gravel fill in the proposed
Fuel Storage Area, Barrow, Alaska.

U. S. ARMY, "Comprehensive Report, Investigation of Airfield Construc-
tion in Arctic and Subarctic Regions", January 1948, St. Paul District,
Corps of Engineers, U. S. Army (in 8 volumes)

A comprehensive report on the permafrost investigation in-
cluding the Main Report and following appendices: (1) North-

way Airfield, Alaska; (,2) Meteorological Data Studies; (3) Re-
search Laboratory Investigation -- Determination of Thermal
Properties of Soils; (4) Summary and Statement of Technique

on Aerial Photographic Reconnaissance Investigation of Frozen.
Soils in the Territory of Alaska; (5) Library Research; (6) De-
sign and Construction Studies -- Fairbar.ks Research Area;
(7) Ground Temperature Equipment.

b. AIRFIELDS AND RUNWAYS

ALASKAN DEPARTMENT (U. S. Army, Alaska), Fort Richardson, Alaska,
"Airfield Reconnaissance Survey, American River Site, Seward Peninsula,
Alaska", January 1945, Secret

A report on a survey of the area "American River, Alaska,
Airbase Site Project Location" to obtain general information
for a proposed airfield site, in order that the air base could
be planned, material quantities determined, housing areas
established, as well as to locate the runways, taking into
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consideration the glide angle of planes, possibility for fog accu-
mulation, air drainage from the f-eld, accessibility for transpor-
tation to and from the base to navigable water, and other items.

ALASKAN DEPARTMENT (U. S. Army, Alaska), "Airfield Reconnaissance
Survey, Noxapaga-Imuruk Site, Seward Peninsula, Alaska", January 1945,
Fort Richardson, Alaska, Secret

A report of the survey of the areas "NoxapaRa-Imuruk" and
"Collins-Hannum" of the Seward Peninsula for a proposed
airfield site.

BESING, RAY D., Capt., CE and STARR, LEE B., Ist Lt., CE, "Operation
Nanook-Airfield Construction Report No. 1", 1946, Engineer Aviation
Battalion No. 1877, Thule Detachment, Geiger Field, Washington, Restricted

A report on construction of two C-47 airstrips, one at Greenland
and one ai Melville Island.

BLACK, ROBERT F., "Permafrost Program, Progress Report No. 2, Per-
mafrost Investigation at Point Spencer, Alaska", 1946, U. S. Geological
Survey

Report on an investigation of the regional geologic aspects of
permafrost as related to military engineering problems, par-
ticularly in regard to selection of airfield sites, so that ultimate-
ly, criteria can be established for the accurate forecast of the
problems and conditions which will be encountered in permafrost
areas of possible military interest that are inaccessible to ground

reconnaissance.

BROADWELL, J. A., "How CAA Engineers Meet Construction Problems
North of the Arctic Circle", Pacific Builder and Engineer, Vol. 51, No. 4,
Apri. 1945, pp. 55-56

An article on the construction of landing strips and radio navi-
gational aides at Kotzebue and Shungnak, which describes trans-

portation, labor, weather conditions, and utilities.

BUETOW, W. C., "Causes and Control of Damaging Frost Action in
Shoulders and Subgrades", Proceedings, 8th Annual Asphalt Paving Con-
ference, The Asphalt Association and Association of Asphalt Paving Tech-
nologists, pp. 1-16-151, 1929

General description of the action of frost boils and methods
used in their eradication.

CALCIUM CHLORIDE ASSOCIATION NEWS, "Roads of Ice? What Next?",
June 1948, p. 10

This is a brief reference to Project Habbakuk, the floating ice-
berg airdrome, one of the war's top secrets. The project was
not completed until the end of the war and was never used.
Frozen wood pulp and water became almost as strong as con-
crete when kept in that condition by refrigeration. The model
of a floating airfield, invention of an Englishman named Geoffrey
Pyke, was built on Patricia Lake near Jasper by Dr. C. D. Niven.

35



D'APPOLONIA, ELIO, "Foundations in Permafrost Regions", Tentative
Report, 1 August 1944, Northwest Service Command Report

Part I deals with construction in permafrost regions and shows
results of improptr construction in a furnace room at Koidern
Repeater Station, YT, and runway, garages, warehouses, and
atilidor at Northway, Alaska. Points out in each case that con-
struction was done incorrectly because of lack of knowledge that
the transfer of heat causes m~ltin2 of permafrost and settlement
to failure oi many structures; that construction with an air space
using piling is a solution of the problem. Other chapters deal
with wood pile foundations and runway design. An estimated
cost of feld research is shown as Part IV. A brief review indi-
cates that the figures are too low.

D'APPOLONIA, ELIO, "Permanently Frozen Ground and Foundation Design,
Part 2", Engineering Journal (Canada), Vol. 29, No. 1, pp. 7-12, January
1946

Reasons for failure of foundations for structures on permafrost
and examples of designs to prevent melting of permafrost and
causing excessive settlement of foundatic-ns.

ELIAS, M. M. and VOSBURGH, R.M., "Permafrost Program, Progress
Report No. 1, Terrain and Permafrost in Galena Area", 1946, U. S. Geo-
logical Survey, Dept. of Interior

This report is a study of terrain and permafrost in a part of one
of the large alluvial basins which characterize the topography
in central Alaska. The report describes the general terrain of
the basin, the relationship of ground and permafrost conditions
to topography, suitability of the terrai units for construction,
and criteria foz interpreting the terrain from aerial photographs.

The report presents the results of field investigation of two ter-
races near the Galena Air Base; the suitability of the two terraces
for possible airfield sites is discussed.

ENGINEERING NEWS-RECORD, "Clearing Snow at a Northern Airbase",
Vol. 135, No. 12, 20 Sept. 1945, pp. 107-111

Plenty of snow-handling equipment, operated by regularly assigned.
enlisted personnel under direction of the post engineer, has kept
th e Presque Isle Airfield in northern Maine always ready for
traffic. Trucks with one-way plows do most of the work with
blowers used to boost the snow over the runway lights where the
plows again push it to the edge of the safety strip. A plow with
a powered vane in the wing is used to cut down the final bank
left by the plows. Notes on snow handling at several other
northern fields are appended.

ENGINEERING NEWS-RECORD, "The Saga of the Greenland Bases", Vol.
13.-, No. 10, 7 September 1944, pp. 96-100

This article describes the construction of some major bases,
a few auxiliary airfields, and several weather stations in Green-
land by American contractors and U. S. Army engineer troops.
With regard to permafrost, the article is quoted as follows:
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"Perhaps the most important lesson learned on construction
operations in regions of permafrost is not to change the naturul
balance and flow of water* particularly in underground channels.
In construction of runways, it is regular practice not to make

cuts using fills oidy to attain a level surface. Fills are made
largely with gravel from glacial moraine ............ Preferred con-
struction is to build above ground and to use thick gravel blankets
below foundations to spread the load. An open space now is left
below the building floor to permit air to circulate under the
building so that heat is not transmitted to the ground. Double
flooring is used and ceiling is added under the joists to keep
floors warm in living quarters."

HENKEL, H. L., "Foundation Problems at the Bethel Airport", Pacific
Builder and Engineer, Vol. 51, No. 5, May l?45, pp. 56-60

An article on the location and construction of the Bethel Airport,
on the Kuskokwim River, on the southwestern mainland of Alaska.

HUBBARD, LEE D., "Construction Methods at Juneau". Pacific Builder
and Engineer, Vol. 51, No. 4, April 1945, pp. 56-7

An article briefly describing the problems encountered such as
flooded fill areas, continuous rainfall, and frozen borrow pits, in
the construction of the CAA Airvort at Juneau.

HUNT, RALPH W., Capt., CE, "Report of Operation Nanook", December
1946, Arctic Re -arch Section, The Engineer School, Fort Belvair,

Va., Confidential
This report is a detailed account of Operation Nanook, an arctic
expedition to obt&in military and scientific information for use in
planning future polar operations. Summarizes operations and

conditions encountered, presents problems of special interest to
the Corps of Engineers, and makes recommendations.

MCLEOD, NORMAN W., "Airport Runway Evaluation in Canada", Engi-
neering Consultant, October 1947, Department of Transport, Ottawa. Pub-
lished by Highway Research Board, National Research Council, Washington

25, D.C. Highway Research Board, Research Reports No. 4B, October
1947

This report outlines results of investigation of runways at a num-
ber of Canada's principal airports in 1945-46. Program of tests
included: a pedological soil survey and preparation of a pedologi-
cal soil map for each site; field rn.isture and density tests in place
on base course and subgrade: securing large disturbed samples of
base course ano subgrade for physical and compaction tests; and
undisturbed samples for CBR, triaxial compression, shear and
consolidation tests, etc.

MCLEOD, NORMAN WV., "Soil Science Applied to Subgrade and Base Course
Design", Canadian Engineer, Vol. 77, No. 5, pp. 5-6, with discussion on

Epp. 52-54, August 1939
A review of published theories on the mechanics of frost heave
constitute a portion of this article.
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MORIARTY, C., "So You Think You Have Transportation Problems".
Pacific Builder and Engineer, Vol. 51, No. 5, M y 1945, pp. 52-55

An article by the Assistant General Manager, C. F. Lytle
Company and Green Construction Company, on how Lytle and
Green moved equipment, supplies and men to CAA project
sites in the primitive Alaska interior despite some of world's
toughest natural barriers of weather, water and teo--rain.

MULLER, DR. SIEMON W.,"Construction of Runways ind Buildings under
Arctic or Subarctic Conditions", Z1 November 1944, Cffice of Command-
ing Genezrai, Alaskan Division, ATC

A letter on the above subject to 4he Commanding General,
Alaskan Division, ATC, which Points out conclusions and
recommendations as to the various methods of construction
7,n permafrost. Also outlines a set of tools and the scope P

and plan of the study of permafrost for use by field men.

OCCIDENTAL PUBLISHING EDITORS, "Airport Reference -- 5th Annual
Edition", Occidental Publishing Company, 1945-46 Edition

This book contains an airport equipment directory; airport
planning, surfaces; lighting: buildings; communications; ad-
ministration; airplane specifications; personnel directory.

ROADS AND STREETS, "Alaska Highway Flight Strips", June 1944, p.
80

Introduction expresses need for auxiliary strips. Construc-
tion and location problems similar to those faced on Alaskan
Highway. Preliminary surveys, then final surveys after

4 official approval. Route closely follows highway. Construc-
ition details discussed in brief. Clearing and grading done by

Plablic Roads Administration, base course and wearing sur-
face placed by contractor.

SCHERRER. FRED G., Captain, CEand SCHIEWE, EUGENE C., Captain,
CE, "Airfield Construction in Arctic and Subarttic Regions, Alaska", pre-
pared under direction of Office, Air Engineer, Hqts., AAF, Washington,

D.C., 30 November 1945
This unpublished manuscript contains a general description of
the geography, meteorology, and ground conditions in Alaska
with individual descriptions of the various airfields in Alaska at
the time of the report -- 1945. Also contains chapters discussing
methods of airfield design and construction, airfield site recon-
naissance, transportation in the Arctic and Subarctic regions par-
ticularly by tractor train, winterization of engineer equipment,
and conclusions and recommendations. It is well illustrated
with many photographs. in general, this is an excellent review
of airfield conditions in Alaska in 1945.

SEELEY, W. L., "How Rains, Cold Weather, Poor Soil Conditions Were
Licked atGustavus", Pacific Builder and Engineer, Vol. 51, No. 4, April
1945, pp- 4 8 - 5 4

A CAA airport built about 50 miles west of Juneau in southeastern
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Alaska. Describes grading, draining and paving methods which
successfully solved unusually tough problems encountered in
building an isolated airport in Alaska's rain belt.

SEELEY, W. L., "General Factors Governing Design and Construction in
Alaska", Pacific Builder and Engineer, Vol. 51, N.-. 5, May 1945, pp.
64, 67, 68, 70 and 72

An article glving a brief resume of climatic conditions, geology,
construction and transportation in Alaska.

SHARP, SHAW AND DUNLAP, "Airport Engineering", 1944, John Wiley
and Sons

A book on the engineering work involved in the planning and design
of a modern air terminal.

STRATTON, 1. H., "Military Airfields: A Symposium. Construction and
Design Problems. Design of Drainage Facilities", Ti-ansactions, Ameri-
can Society of Civil Engineers, 1945, pp. 684, 764, 778, 781, 783

Brief Statements on design of military airfield pavements for
frost actio.n.

THE ENGINEER SCHOOL, "'Airfield Construction -- Airfield Drainage",
Instructorts Manuscript, july 1943, 12 pp.. Fort Belvoir, Va.

Discusses drainage problems, including subsurface, frost
action and drainage rtructures.

THE ENGINEER SCHOOL, "Airfield Construction -- Surveying, Grading
and Earthwork; Compaction and Bearing Power of Soils", .,structor's
Manuscript, September 1943, Fort Belvoir, Va.

Discusses bearing ratio in connection with establishing thick-
nesses of base and flexible-type surface courses.

THE ENGINEER SCHOOL, "Airfield Construction -- Landing 4ats, Con-
struction Operations and Review of Course", Instructor's Manuscript,
Tune 1943, Fort Belvoir, Va.

A course for Engineer School describing various types of steel
landing mats.

THE ENGINEER SCHOOL, "Airfield Cons.truction -- Airfield Location and

Site Selection" Instructor's Manuscript, Nrclh i943, Fort Belvoir, Va.
Discusses various considerations in th6 selection of sites for
airfields.

THE ENGINEER SCHOOL, "Airfield Construction -- Soil Exploration and
Classification", instructor's Manuscript, August 1943, Fort Belvoir, Va.

Describes briefly the physical properties of soils which affect
design amid construction of airfields and methods of exploring.

U. S. GEOLOGICAL SURVEY, "Special Report, Strategic Engineering Study
No. 47, Terrain Intelligence, Krasnoyarsk -- Welkal Air Route (Siberia,
U.S.S.R:)", Intelligence Branch, Office, Chiez of Engineers, January 1943,
Confidential
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A folio of maps. explanatmry tables, and photographs which out-
lin the principal terrain features of the followinig places and
immediately adjacent areas: Krasnoyarsk, Ust-Kut, Kirensk,
Tommrot, Yakutsk, Oimyakcn, Seimchan and Welkal. For each
area, one or more maps and tables describe such subiects as
topography, passability of terrain, anchorages, ports, landing
beaches. possible airfield sites, kind and availability of con-
struction materials, fuels. water supply, and special engineer-
ing problems connected with the permanently frozen ground.

WAR DEPARTMENT, "lnvestiga~ion of Construction and Maintenance of
Airdromes on lee, 1946-1947, Repart of Investigations", May 1947, Corprs
of Engineers, New England Division, Restricted

A report on a preliminary investigation of the feasibility of,
and methods for, the design, construction and maintenance of
airdromes on ice- Appendix A to this rzport is entitled "Avwria-
tion Uses of Ice by Vilkmabnur Stefansson" and Appendix B to
this rekport is entitled "'Translations". Appendix A considers

.viation uses of lake and river ice, salt atrice, and inland.
or snow ice in an area farther north ihan 60 N. Latitude.
Appendix B contains material translated from the Russian in
the Stefans son Library.

WAR DEPARTMENT, "Flexible Pavement Tests, Marietta. Georgia, Con-
struction, Testing and Data Report', I May 1945. Mississippi'River Com-
mission, U. S. 'Waterways Experiment Station, U. S. Army, Vicksbuarg.
Mississippi, Restricte-d

A report on flexible pavement-tests to determine subgrade de-
flections and pressures under various types of bases in common
usage in this country and in certain theaters of operation for
B-24 and B-29 wheel loads; with each plane errpty, partially
loaded, and fully loaded; and for standing and moving conditionts
both with plane motors dead and running.

WAR DEARTMET, "Surveys, Methods of Platting, n Ea.thwork Conip-

tations for Airdromes". War Departasent Technical Bulletin TB G-8
I May 1944, Washingion Z5. D. C.

This bulletin supplements TM 5-255 with respect to survey Frzo-
cedure and earthwork computations ior airdrom es.

WAR DEP-ARTMENT. "Aviation. Enrineers", War Departnent Tec-ncal
Manuai TM 5-Z55, 15 April 1944, Restricted

This manuad covers both tactical and technical phases of the
training and operations of aviation engineers with special
reference -to their employment in theaters of ope-rations. De-
signed for use as a rvfereracc heandbook as well as text for
training purposes.

WAR DEPARTMNT, "Report 881 , Investigation of Airfield Constructio

in Arctic and Subarctic Regions". 28 October i944. Office, Chief of
Engineers, Confidential

The purpose of the investigations covered by this report was

40



& ~~~the asse=%bly of basic da-tL certin-I to the rrnzne ca
tion, design, construction, aad 'r weof airfiields in aci
and subarctic regions, in g tuflya:n airfieldA insta1k-
l11ions. The investigation *ns conmfined to ulsd lrtr to
tnc review of rcp.rti preparedb gece latrubja w cr-
struction pxactices in 4r regioans, aMnd to ihnite E& zarIna
tica of existing installations in -Ala Sim.

WAR DEPARThIEN-. -'Airle-APaemu Desir'- Frost Ctito".Ad
in-terim Engizcerin-g Linulfor War- fleparfLnient Camstruction, Ft.!Z
GbautA- -4- Tnt7i-19-26. CorPs Ofingees Ota-ce, Che~f --FEmmineer-S

case comipostio recuirem!rents-; ano orteticio subgndr fur
flexible andZ rigid pavnen'cml wit ewnplmes of cdesign foar fhrost

WAR DEPARTMET,-F "Cons Dutio of Rtnny~zS, RoadS am& Buildi 2- on
Pern--enl--ay Frozenm C-round". War flnriet e- i Bulei TS
5-255-3. t ana'r 1945

Consrucion= articandsubarctic regionss-yre tc
Methods addesigns qu-ite diffrerent frosa cs used intern-
Perate Zones, espc'-M1 r Cn site-s umderlaLin rr =-

Cs. - -s-A it is ne&cessar-y to nocre-a -~ Mft- AWL

ov-cose her. This bulletin- eeenste be-stinoatcno
avalabe o reo~isanedesign, construcion arc! zmkin

ten-Ance for sizccessfu! work in areaws weepraetyf~
audexists_-. (his bIlletin- is beiz-g revised4

SEAZ. Frost Eflects laborato-r. Boston- fisni-ct, Corps of Engjear
Rect escribing the purpose and scocpe of the frost fttestiga-

tion- vograrn of Eze Bostonz Disrithe rra i sr-

resigaion; bsevatonand tsigof effect a! frostac...
at a nbrof airfields Za'ring wind-ter of I94- perfcrrna
of !abcirarv coatroled tests to detezwine toemcTiemdc -- MW
tranSe of rarxroe4s soils and- the effect Of conipactio= Zf soX

WAR nsA n-Ttr, "Fronst I ! ga-c,144!4- rnrtcie
Rcpnt' with15 Ajq-enites eray197 op f zis e

Precz ives Ugations, and u ieeE Stdies At I5 arfiac int
w United statcs.

WAR DEA -- , :cilae P~te; 713cign of Air-
Ied nPernauenfly ronGr r' )Axalfra De-

j aznet C~c~stu-cioc, artti. Chavzer 7. Otaber 1-946, Corpi- ci Egi-
.e [, ffce. C of Enginzeers

for fzcn-iczg as we0l4 as tangoffonaos.orods



airfields, and structures.

,AR DEPARTMENT, "Frost investigation, 194"t- 945", July 1945, Corps

of Engineers, Missouri River Divisiott
Report of investigation to determine the development of frost
action in subsurface pavement elements as affected by vary-
ing conditions of weather, soils, and groundwater. The air-
fields studied were: Sioux Falls Ai field; Fairmont Airfield;
Great Bend Airfield; Garden City Airfield; and Pratt Airfield.

WAR DEPARTMENT, "Frost Investigation, 1944", January 1946, Corps of

Engin:,ers, Boston District

This is a report of the frost investigations performed at Dow
Field, Bangor, Maine, during 1944 for the purpose of determin-
-ng the influence of frost action on the subgrade soils beneath
both rigid and flexible pavements at Dow Field upon the gross
plane weight evaluation of these pavements. The testing pro-

-_ gram c~onsisted of the excavation of test pits, explorations to
determine base and subgrade soil profile under test areas,
application to paved surfaces of controlled traffic during frost
rmelting period, and the performance of pavement bearing tests
during the frost melting period.

I?

WAR DEPARTMENT, "Frost Investigation, First Interim Report, Decem-
ber 1944", Frost Effects Laboratory, Boston District, Corps of Engii ers

This report Presents the status of the frost investigation pro-
gram and results of tests by the Boston District, the Missouri
River Division, and Great Lakes Division to 1 December 1944.

WAR DEPARTMENT, "Frost Investigation, Second -rim Report, April

1945", Vols. I and II, Frost Effects Laboratory, Bos..;. District, Corps of
Engineers

This report presents the additional data, 1 December 1944 to
15 March 1945, secured since submission of the First Interim
Report for each airfield selected for investigation in the Bos-
ton District, Missouri Riv. r Division, and Great Lakes Divi-
Sion.

WAR DEPARTMENT, Frost Investigation, 1945-1946", June "46, Corps
of Engineers, Boston District

This is a report on studies of base course treatment t- pre-
vent frost action. This report presents (a) a summary of
previous investigations performed by others, to study effect
of admixtures on frost action; (b) the results of laboratory
tests performed to deteriaine suitability of various admix-
tures and combinations of admixtures; (c) results of labora-

tory tests to determine whether leaching of salts could be
retarded or prevented by the addition of bituminous mater
ials.

WAR DEPARTMENT, "Report on Frost Investigation, 1944-1945", Aprii
1947, Corps of Engineers, New England Division
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This report pres..,s a summary of the studies, the observations
and tests made, and the conclusions based upon these data in-
cluding Part XII, Chapter 4, Ad Interim Engineering ManuaL.
The work presented includes the data obtained in the invest.-
gations conducted in 1944 and 1945. The program for 1944-1945
consisted of the following phases: (I) A review and analysis -f
previous investigations of frost action; (2) Performance r.' tab-
oratory controlled tests to determine coefficients of heat trans-
fer of various soils; (3) Observation and testing of effect of
frost action during winter 1943-1944 and 1944-1945 under paved
and turfed airfield areas, and (4) The review and analysis of
results of investigations performed.

WILSON, WALTER K. JR., Colonel, CE, "The Problem of Permafrost",
The Military Engineer, April 1948, Vol. XL, No. 270, pp. 162-164

Describes study of permafrost started in 1945 by Corps of
Engineers, St. Paul District. Field work in Alaska includes
studies of airfields constructed during World War II, an ex-
perimental plot constructed near Fairbanks, weather and
ground temperature data from various points, and develop-
ment of methods for locating airfield sites from aerial photo-
graphs. Laboratory studies of thermal properties of soils
were made at the University of Minnesota. Object of studies
is to develop criteria for design and construction of airfields
in arctic and subarctic regions.

c. ARCTIC AND SUBARCTIC

ALASKAN DEPARTMENT (U. S. Army, Alaska), "Reconnaissance to De-
termine Feasibility of Winter Operation of the Richardson Highway in
Alaska", 20 December 1943. Fort Richardson, Alaska

An informai report on the feasibility of keeping the Richardson
Highway open for freighting operations during t)-e winter sea-
son, the problems to be encountered in such an undertaking,
and the considerations intolved, from an engineering stand-
point.

ALASKAN DEPARTMENT (U. S. Army, Alaska), "Airfield Reconnaissance
Survey, Americin -.Ziver Site, S .ward Peninsula, Alaska", January 1945,
Fort Richardson, Alaska, Secret

A report on a survey of the area "American River, Alaska,
Airbase Site Project Location" to obtain general information

for a proposed airfield site in order that the air base could
be planned, material quantities determined, housing areas
established, as well as to locate runways, taking into con-
sideration the glide angle of planes, possibility for fog accu-
mulatiCL, air drainage from the field, accessibility for trans-
portation to and from the batse to navigable water, etc.

ALASKAN DEPARTMENT (U. S. Army, Alaska)', "'Airfield Reconnais-
sance Survey, Noxapaga-Imuruk Site, Seward Peninsula, Alaska", Jan-
uary 1945, Fort Richardson, Alaska, Secret
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A report of a survey of the areas "Noxapaga-Imuruk" and

"Collins-Hannum" oi the Seward Peninsula for a proposed air-
field site.

ARCTIC, DESERT AND TROPIC BRANCH, AAF TACTICAL CENTER,

"Handbook of Alaska, Informational Bulletin No. 18", April 1945, Pub-
lished by Hqts., AAF Office of Asst. Chief of Staff, Training Aids Division

General description of Alaska including topography, drainage,

inhabitants, travel, climate, vegetation, animals, birds and
fish. To be used in conjunction with 'Lhe Pocket Guide to
Alaska, prepared by the Special Service Division, ASF, the
Arctic Manual (TM I-Z40).

ATWOOD, W. W., "The Physiographic Provinces of North America", Ginn

and Company, pp. 481-491
Brief description of the Pacific border of Alaska is presented.
Coast ranges of southeast Alaska rising in general fr'rn 7,000-
8,000 ft exhibit an old-age erosion surface. The Nutzotin and
Alaska Ranges form an arc parallel to the Gulf of Alaska and
extend out through Aleutians. They vary in height; the highest
is Mt. McKinley. The Fairweather Range near Pacific exhibits
snow-capped mountains, with very little soil mantle. St. Elias

Range has a width of 150 miles and presents a nearly vertical
wall on north side. The range appears to have been uplifted in

Pleistocene time. Glaciers are prevalent throughout; glacial
markings are also exhibited where ice was retreated.

BARNES, LYNN C., "Permafrost: A Challenge to Engineers", Military

Engineer, Vol. 38, No. 243, January 1946, pp. 9-11
This article gives a brief discussion on permafrost regions,
thermal regime, as well as discussion of the permafrost pro-

ject assigned to the St. Paul District by the Corps of Engineers,
D. A. Discusses briefly the inviestigations. and tests, project

objectives, and includes several photopraphs of natural soil
and ice formations.

BESING, RAY D., Capt., CE and STARR, LEE B., Ist Lt., CE, "Operation

Nanook-Airfield ConstructioL Report No. 1", 1946, Engineer Aviation
Battalion No. 1877, Thule Detachment, Geiger Field, Washington

A report on construction of two C-47 airstrips, one at Green-
land and one at Melville Island.

BLACK, ROBERT F., "Permafrost Program, Progress Report No. 2, Per-
mafrost Investigation at Point Spencer, Alaska", 1946, U. S. Geological
Survey

Report on an investigation of the regional geologic alpects of
permafrost as related to military engineering problems, par-
ticularly in regard to selection of airfield sites, so that ulti-
mately, criteria can be established for the accurate forecast
of the problems -nd conditions which wil be encountered in
permafrost areas of possible military in"terest that are inac-

cessible to ground reconnaissance. The immediate aim of the
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investigation at Point Spencer was to determine the geologic and

permafrost conditions with special emphasis on groundwater.

BODMAN, 3. D., "Peculiarities of Aleutian Military Design", Civil Engi-
neering, Vol. 15, September 1945, pp. 402-404

This article discusses difficulties involved in the design of
military structures in the Aleutian Islands. One of the major
factors affecting design is the fact that winds with an intensity
of 100 miles per hour were common. Foundation conditions
varied from solid rock to deep tundra and muck beds incapable
of sustaining any appreciable load. No permafrost was en-
countered in the Aleutians. The article is illustrated with
several photographs.

BROADWELL, 3. A., "How CAA Engineers Meet Construction Problems
North of the Arctic Circle", Pacific Builder and Engineer, Vol. 51, No. 4,
April 1945, pn. 55-56

An article )n jobs at Kotzebue and Shungnk which included
landing strips and radio navigational aides.

BRYAN, KIRK, "Cryopedology -- The Study of Frozen Ground and Irtensive
Frost-Action with Suggestions on Nomenclature", American Journal of
Science, Vol. 244, pp. 622-642, 1946

Cryopedology is suggested as a suitable name for the subscience
concerned with the study, both theoretical and practical, of in-
tensive frost-action and permanently frozen ground. Sixteen
other terms are also introduced and defined. Of these, the
important ones are pergelisol, permanently frozen ground, and
mollirol, the overlying seasonally thawed ground in which in-
tensi- . frost-action occurs. It is believed that these and the
other s.,ggested terms will facilitate discussion of the prob-
lems of the Arctic and of the ancient frost-action of periglacial
areas.

BRYAN, KIRK, "The Study of Permanently Frozen Ground and IntenSive
Frost-Action", The Military Engineer, Vol. XL, No. 273, pp. 304-308

Cryopedology is suggested as a suitable name for the subscience
concerned with the study, both theoretical and practical, of in-
tensive frost-action and permanently frozen ground. Sixteen
other terms are also introduced ,nd defined. Of these, the
important ones are pergelisol, permanently frozen ground,
and moflisol, the overlying seasonally thawed ground in which
intensive frost-action occurs. Comments on the suitability of
Professor Bryan's terminology follow the main article.

BURICE, M. F., "Soil Temperr. ure in the Matanuska Valley of Alaska",
Transactions, Amexican Geophysical Union, Part 1, p. 151

Relates to temperatures above freezing and for depths of
0-2-4-8 inches.

CAPPS, STEPHEN, "Geology of the Alaska Railroad Region", U. S. Geolo-
gical Survey Bulletin No. 907, p. 207
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Describes geology and .eography of an area 140 mi wide and
450 mi long from north to south reachinn from Gulf of Alaska
nortxward into Yukon Basin. Includes illustrations and maps.

CAPPS, STEPHEN R., "The Chisana-White River District, Alaska", U. S.

Geological Survey Bulletin No. 630, p. 130
Describes general geology and geography of this region with
several illustrations and maps.

CAPPS, STEPHEN R., "Glaciation in Alaska", U. S.Geologic I Survey Pro-
fessional Paper 170-A, p. 8

A discussion mainly of Pleistocene glaciation in Alaska.

CAPPS, STEPHEN R., "The Kantishna Region, Alaska*, U. S. Geological
Survey Bulletin 687, 1919

This bulletin covers an area bounded by the Alaska Range on
the south, the Tanana River on the north, the Nenana River on

the east, and the lower Kantishuna River on the west; the area
lies bet- een the village of Nenana and M-it. McKinley. F'eld

I: work was done in l916. The geography and geology of iis
area wereundertaken in 1916 because the Alaska Railroad was
being built adjacent to this area, and it was anticipated that
mining activity would be greatly Increased. Coal as well as
poid, silver and antimony was found.

SCLARK, A. C., The Alaska Highway -- Effect of Climate and Soils on

Design", Civil Engineering, Vol. 13, No. F. Lay 1943, pp. 209-212: Wes-
tern Construction News, Vol. 18, March 1943, pp. 105-109

This paper explains the unusual soil and climatic conditions
that were encountered during construction of the pioneer road
for the Alaska Highway and their effect or' design. It dis-
cusses the difficulties encountered in construction on perma-
nently irozen ground or ice close to the surface immediately
under a heavy insulating layer of noss or grasses; on layers

of ice and frozen soil occurring at depths of 3 ft or more:
and where an ice condition known as "gaciering" exists.

Includes several photos.

COLBY, MERLE, "A Guide to Alaska", Federal Writers' Project, Ameri-
can Guide Series, 1944, 427 pp.

Here is all that a traveler needs to know about America's last
frontier: how to vet there. the main travel routes in Alaska;
accommodations; climate; sport and recreation facilities;
means of communication: approximate fare and living expen-
ses: museums and libraries; what to see in McKinley Park
and the four National Monuments; a vocabulary of terms fre-
quently used in Alaska. Also contains the story of processes
that have revolutionized the Territory; there is a chapter on
A laska's history from 1728 to yesterday; other chapters de-
scribe Alaska's developments in transportation and cornnunica-
tion and its role in national defense, Alaska's rich natural re-
sources, and the major towns and places of interest,
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CRESSY, G. B., "Frozen Ground in Siberia", Journal of Geology, Vol. 47,
No. 5, pp. 472-488, July-August 1939

A discussion of the types, depths, distribution of, and research
history on permanently frozen ground in Siberia. Included also
is discussion on Pleistocene glaciation and present climatic
conditions in Siberia and causes of permanently frozen ground
(permafrost).

DACHNOWSKI-STOKES, A. P., "Peat Resources in Alaska", Technical
Bulletin No. 769, April 1941, U. S. Dept. of Agriculture, Washington, D.C.

Technical Bulletin 769 is based upon field work in 1939. It
gives a general classification of most of the peat areas in
Alaska. Among the co.clusions stated is the following:
"Among the qualifying factors that affect muskegs in the
interior of Alaska are layers of volcanic ash, windblown
silt, and a permanently frozen condition. The line of verma-
frost appears to have been rising periodically. Summer
thawing ranges usually between 20 to 45 inches below the sur-
face." It is estimated in this bulletin that about 50 million
acres of Alaska may be classified as forest, approximately
100 million in tundra, and nearly 110 million in muskeg and
grassy marshland. The term "muskeg" is of "Indian (Al-
gonquin) origin denoting an area covered with sphagnum
Mosses and tussocks of sedges".

D'APPOLONIA, ELIO, "Permanently Frozen Ground and Foundation De-
sign, Part 2", Engineering Journal (Canada), Vol. 29, No. 1, pp. 7.12,
January 1946

Reasons !.sr fc lure of foundations for structures on perma-
frost and examples of designs to prevent melting of perma-
frost and causing excessive settlement of foundations.

DEMENTIEV, A. I. and TUMEL, V. F., "Civil Enginee:ing in Frozen Soil,
U.S.S.R.", Canadian Geographical Journal, Vol. 32, No. 1, pp. 32-33,
January 1946

A brief general description stating that progress has been made
in combating drifting snow, mining, construction on permafrost

tone statement that buildings are designed to prevent thawing,
another that subsoil is warmed electrically using 300 to 1300 volts);
and in the problem of drinking water in the eternally frozen areas
(artesian wells through 700 ft of perrmafrost to depth of 1600 ft at

Irkutsk). Permafrost covers 47 per cent of area of USSR.

DEPARTMENT OF TRAN5PORT, "Meteorology of the Canadian Arctic",
1944, Air Services Branch, Meteorolog;cal Division, Canada

This manual contains a summary of the repnrts if meteorological
observations which have been taken in the Canadian Arctic, to-
gether with an analysis of upper air conditions prevaiig
in this region. It is necessarily incomplete, chiefly because

no long series of observations is available for this territory.
Most of the observing stations are concentrated in the south-
eastern part of the Archipelago, leaving large areas of Canadian
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territory within the Arctic Circle untouched. Tables and
gzaphs are included showing monthly values of temperatures,

precipitation, wind and fog at certain selected stations.

EAGER, W. L. and PRYOR, W. T., "Ice Formation on the Alaska Highway",
Public Roads, Vol. 24, No. 3, January-Marcb 1945, pp. 55-74

A treatise on the formation of surface ice. Inclides discussion
of factors associated with icing, and methods to pzevent or re-
duce icing on new construction.

EAKIN, HENRY M., "'The Iditarod-Ruby Region, Alaska", 1914, U. S. Geo-
logical Survey Bulletin 578

This volume is the third report based on work inspired by the
discovery of gold in the Innoko district in 1906. in the province

extending from Ruby, on the Yukon, to Iditarod, surveys seem
to have established the fact that gold is associrted in this dis-

trict with two distinct series of rocks. The report shows that
the bedrock source-s of the placer gold of the district include
the igneous intrusives and the Cretaceous sediments at or
near their contacts with the igneous intrusives. Geologic
conditions favorable to the occurrence of auriferous deposits
are repeated in many places in this part of Alaska.

EAKIN, HENRY M., "The Yukon-Koyukuk Region, Alaska", U. S. Geolog.-
cal Survey Bulletin 631, 1916

Description of the process of solifluction (soil flow) or migration
of detritus under thrust and heave of frost action under subarctic

climatic conditions. Also includes visible features of frost heave

mounds and the distribution of rock in mounds. Illustrated.

EARDLEY, A. 3., "Unconsolidated Sediments and Topographic Features of

the Lower Yukon Valley", BuMetin of the Geologic Society of America, Vol.
49, pp. 303-342, February 1938

Report contains important material, geologic and topographic,

on lower Yzikon. Report locates gravel, sand, silts, and muck;
their origin is a proble.mn but some conclusions are stated. In

general, it appears in the most part to be fluvial but the silt a

combination of fluvial and aeolian. Regional topography ap-
pears a- mature hills rising above lowlands. Mach material,
detailed, on local topography is presented. Valley shapes,

stream patterns, stream re-entrants described. Gravels are
high and low level, gravel cliffs (Palisades), pages 315-319.

Silts are very widespread, complex bedding and origin, several
types or groups (Palisades, delta sands at Cave-Off Cliffs and

Anvik, Koyukuk-Anv k blue loam in lower Koyukuk and Yukon
below Ca-ie-Ofif Cliffs, muck of Palisades, Cave-Off Cliffs and
upland placers. "'Inlaid" series (complex) exist in meander
belt below Cave-Off c;Uffs). 13 pages on analysis, distri'- .ion,

origin of sllts. Brief coverage (4 pages) on late geologic his-
tory contained, very sketchy; mention of uplift, gently iejuve-
nated streams, etc. Mention of ice lenses. frozen ground..any
good photographs to illustrate features discussed in text and to
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show general topography of region, many oblique air photographs.
Tables used in silt identification, soil sizes and comparisons.
Bibliography includes many U.S.G.S. references on Alaska.

EKBLAW, W. E., "The Importance of Nivation as an Erosive Factor and of
Soil Flow as a Transporting Agency ;n Northern Greenland", Proceedings,
National Academy of Sciences, Vol. 4, No. 9, pp. 288-293, 15 September

1918
A description of the process of nivation (the formation and
melting of snow-ice) and its effect on the disintegration of
rocks; the destruction of some land forms and the formation
of others. A description of solifluction (soil flow) and its
connection with nivation is also given.

ELIAS, M. M. and VOSBURGH, R. M., "Permafrost Program. -- Progress
Report No. I -- Terrain and Permafrost in Galena Area", 1946, U. S. Geo-
logical Survey, Dept. of Interior, Washington, D. C.

This report is a study of terrain and permafrost in a part of
one of the large alluvial basins which characterize the topography
in central Alaska. The report describes the general terrain of
the basin, the relationship of ground and permafrost conditions
to topography, suitability of the terrain units for construction,
and criteria for interpreting the terrain from aerial photographs.

The report presents the results of field investigation of two
terraces near the Galena Air Base; the suitability of the two
terraces for possible airfield sites is discussed.

ELISWORTH, C- S. and DAVENPORT, R. W., "Surface Water Supply of

the Yukon-Tanana Region, Alaska", Water Supply Paper 342.
Introduction includes scope of investigation. General features
of area -- geology, geography, climate, vegetation (including
map) covered. Measurement of stream flow, methods of unity,
accuracy, tables, and description of main drainage areas in-
cluded. Runoff data for various creeks in vicinity included in

tables. Yukon River drainage basin, bounded by Pacific vents
on south, Rockies on north, stream meanders towards west from
Canada through Alaska for 2.000 miles. Above Eagle River, it
flows swiftly in one channel, then -tear Fort Yukon it enters
Yukon Flats (200 miles), then at junction of the Tanana it flows
through Rampart Rapids (100 miles), then 800 miles of mean-
dering river through a channel about 2 miles wide. Forty Mile
River drainage basin, f insaped area 100 miles in largest
diameter, rugged mountains, prominent feature is the terrace
arrangements in valleys. Mission Creek. ass.metrical basin-

coutaining high gradients. Seventy Mile River, high gradient-
benches are prevalent.- Birch Creek, for 60 miles it is con-
fined) maintains a fairlr rapid flow, then for 1 00 miles it
nieanaers in Yukon Flats about 10-70 miles from Yukon River-.
Beaver Creek, good grad-ient n foothiHs, then it rn.ers in
Yukon Flats. Tanina River, an assy-netrical v-'ey cut by
glacier fed streams from. Alska Range, fairly broad valley.
Tolvana River, is in a narrow valley (30 miles) at head, then
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it opens abruptly into a wide valley (40 miles) at COnfluence of
forks, then on leaving foothills it enters deep channel on allu-
viumn, very low gradient, tortuous streami. Extensive tables of
data taken. stream flow, etc. Streams taken up individually,
some details included within reports on individual streams.
Several maps included within report. Topographic maps show-
ing gaging stations, also some sketch maps, i.e., distribution
of vegetain in region covered. Also bibliography of Govern-
ment pap~ers on area covered. (About 50 papers listed.)

ENGINEERING NEWS-RECORD, 'The Saga oi the Greenland Bases", 7
September 1944, Vol. 133, No. 10 pp. 96 to 100

This article describes the construction of some major bases, a
few auxiliary airfields, and several w~eather stations in Green-

A land by American contractors and U. S. Army engineer troops.
With regard to permafrost, the article is quoted as follows:
"Perhans t'~e rost important lesson learned on construction
operations in regions of permafrost is not to change the natural
balance and flow of water, particularly in underground channels.
In construction of runways, it is regular practice not to make
cuts using fills only to attain a leve~l surface. Fills are made
largely with gravel from glacial mc.'raine .... Preferred con-
struction is to build above ground and to use thick gravel
blankets below foundations to spread the load. An open space
now is left below the building floor to permit air to circulate
under the building so that heat is not transmitted to the ground-
Double flooring is used and ceilin i added under the joists to
keep floors warm. in living quarters."

E.NGINEERLNG NEWS-RECORD, "Clearing Snow at a Northern Aii-base",
Vol. 135. No- 12, 20 Sept. 1945, pp 10.1-111

Plenty of snow-handling equipment, operated by regularly
assigned enlfisted personnel under direction of the pst engineer
has Reut the Prescue Isle Airfield in northern Maine always
ready for traffic. Tr--cks with one-way plows do most of the

orwith blowers used to boost the saow over the runway
lights where the plows again push it to the edge of the Safety
strip. A plow with a po- ered vane in the wiLg, is used to cut
downi the final bank left by the plws. Notes on snow handling
at several ofaer northern fiel-ds are appended.

rzEAUiSTEL-, 1. C., DUTILLY, A.. and ANDERSON, Ut. S-, "Properties of Soils
from North American Arctic -Region3". Soil Science, VoL 48, No- 3. Sep-__
1939, Pp. 183-20-3

7hi nan ides the chemical and mzchanical analys.-s,
_ieralogical composition and1 orge-c content determinations

of soil sampoles c6liivcted at 15 widely scatiered locations fromn
Churchill. north5 to the 76th parallel A -_etailed description of
11; sainoies is given. ickn1ling the geological Classifcation of
parent rocks, vegetation ty-pes, groundwater conditions; and soil
acidity The influences of mec %azical weathering forces, espe-

cially frer~z~ng. thiawing aud wind action, predorninateinrcc



regions. The soils are characterized by the presence of
Sunweathered rocks and rock fragments. Normal soil-forming

processes of eluviation and illuviation are greatly retarded
under the frigid climatic conditions. Tundra soil formations
appear to be related to marsh types resulting from excessive
moisture. Much of the area is overlaid with peat or muck.

f Organic residues do not readily decompose, but tend to ac-
cumulate on the surface as peat or peat-like materials. Most

of the samples collected were acid and none were strongly
alkaline. Of the 37 samples collected, only 3 of the soils
contained 20 percent clay and nearly half had less than 5 per-
cent. A large amount of the material was greater than 0.5 mr
in diameter. The carbon-n.itrogen ratios of mucks and peals
are comparable to those occurring in Maine. Where lichens

contribute to peaty accunulations, low carbon contents and

low carbon-nitrogen ratios are expected. Reference is made
to a shallow, clayey. alluvil soil found in a olygonic for.a-

tion near Ft. Burwell, N.W.T. The authors state "the process
of polygon formation is presumably directly related to a
flooding or saturation of the soil with water followed by
evaporation and resultant cnntraction of the rnaterial ---- a
factor of particular imp ortance relative to shrinkage be-
hdor of this soil would seem to be the rato silica to oal

bases." Very !ow ratio silica to total bases (3-5) is charac-

teristic of arctic soils. Sodium content, on the other hand,
is very high (approxim.-ately I percent). ExchLangeable sodium

in soil colloids tends to increase their capacity for swelling
and shrinicage. The chief constituent 'f the so-a colloids is
hydrous mica n commonly called Ordovician bentonite. A

bibliography of 20 references is included.rI -- o an _- nincsded

FINNIE, RICHARD, *Cano", 1945, Taylor a Taylor, San Francsco
General pictorial history of Canol project. Numerous excel-
lent pictures of construction, terra"- difficulties encounteed.

Brief text included to serve as introdtzction and exolanati"on of

pictares.

.HARDY, R. 4.. M 'Pe-mnanently Frozen Ground and Foundation Design. Part
I', Engineering Journal -Cana-da), VoL 29, No. I. pp. A-7, January 1946

Li-ited largely to discussion of permfost but includes a

review of theoriez of frost heave., and shows relationship
be ween soil types and ice segregation i-n per-ma-frost-

HARRlNGTON G. L. and -MERE. 3. JR.. "The Rub-K s kir Re- Z
gion of A aska". U. S. Geologid Surrvey Bulletin 754, 1924136 p.

B 754 describes the geography, drainage, a-d geology.

and other features o a mining region located south and west
of Fairbanls, Alaska extending from Ruby on the Koyuku k

River to the Kuskokwin River. The info---atio w gae-s r
from 2896 to 1920 and combines all avilable in-formation up
to the ti-e of preparation of ee report. It was prepared pn-
cipao-U to assist mining operations inthe Ruby-Kuskckwin. region.
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RARRIOTON, E. L.. "-Soil Temperatures Ln S-askatchevan, Soil Science.
Vol. XXV

Thermome:ers were placed in the ground at depths from one to
eight feet at the University of Saskatchewan at Saskatoon, Sask.
It s pointed cut that the temperature varies rapidWl at the one
foot level and that the lag in soil temperature below a two toct
depth is marked. A comparison of the temperatures at &skat-
chewan with those obtained by other observers in Kansas is
made. It is pointed out that the m-.axim.um temperat-ure at the
8 foot depth was reached in Ap'r; ' and the first half o! Xay. Per-
mafrost is not discussed in ti article. Graphs showing the
results are included.

MAWKES, .. , "Frost Action in Superficial Deposits. IceLand", Geological
Magazine (London), Vol. 61. No. 725. pp. 509-513, November 19-

A description of several distinct types of effects of frost act:on
in surface deposi*- in Icelan- Included- a= e cracks in clays,
knolls in grassla.ds. rings of stone. and. formation of -thaltn
holl-ws in gravels.

M EADQUA-r&RS" 92Sth Efl; r-R AVI-ATION GROUP, "Roads and High-
way s in AlaskaPartI -- 4e Spring Thaw, 3 0 jne 194 8; Par t -- T.e
Summ.ner Season, September 1948, Fort Ri.h-ardson. Aaska

Reconnaissance teams from th-e Headquarters. 9zsth Engineer
Aviation Group, 807th Enineer Aviation Battalion an- the 813th
Engineer Aviation beoa gathering inormation son-
cerning conditions of roads and l'ighways in Altn during tie
spring thaw of 1948 on i Ar -L --fo-matio -as obtained for
actual obser.vatis _nade during 5100 miles of traveling in
Alaska. In general, conios off the roads throughout Alka
were found to be very good. However. there were sectiors of
tl;e rGas that were impassable at tim-.es. The - orst piece of
road ras Igo nA on the Palmer Mngay connecting Anchorage
and Paker. The second poorest s--etch of road =- Als
was the road bewen Fairban~ks nA ielson -Air Force Base-
lte following Hhiemnn were mnvestiga' A: Palme-r, Glenn,
-Richardson -Valdez to Gurana-) Richardson (Gu-skamna to Big
Delfta), Rich--dson (Big Det- to Fairbanks), Slana-Tok.
Alaska azvd Edgertonm Cutoff, Stecs and-~ " Elict -igh-
--ar7 Iis report is Ulm'flrated wgith excellent tribvres szo-w-
lag the methods used in taking care of icing and oher work
ne=essary in Alaska to manantraffic.

H-LL, . M. M., Chs Engineer . "Memo Re Perpetal Froe Subsoil
Observations - Ue Vicinity- of H-4so n Bar Ralw-'*, Can-i Nationa
-Ra-ilway s Win=eg, nto, Canad, 2-9 Mrch 1940

This ar-ticle deals wt perpe -al -oen subso' : the re-
giums oI thbe ProvTince of Nmli~toba principally It is UOinte
out -&a the southern bonar pfennfoteit oetr
between a-tje 543Q -am 3500" iN-mitoba. Per--ma rost
in this area m exst in the form of islands. Nort of S6°30"

latitde,, and Zra vegetation aze ntn s



r-4-e is a table s& tin hik=-c of crfstin variomus parts
of Vaipb~Nremwest Territory, A the Yuk~on Terriiano-x A
1;st of references regardimg frost and soil te-nperatires in Canad

hUNj!%T. IRALFPH W.. Capt;. CE. "flea(f of Omeration Nanocit. Arcti 'c Re-
searchi Section, T!_ ngiee SchooLI Fort Selvoir, Va.. Sec-ember I1946

r"es renortl is a detailed accr-m- of Operation faokan a-r-
tic ndhiAWan- conducte-d hr Na~vy Task For-ce 63 _f rihteA.-V
Coa-st- Crar lwe-U aher eau a=4 other PCrsozne! particiszed !o

ohmi -f'tryr nr sdieific ifrmnntionm !-r r se in pann
fUture POUaTeetos The repart sumaiesoerations m
con-dion encouz-eede, rret rbesof speciia interest to
tlhe Corps of Snzeirs. an~d makes reoueilOns. iAU was su-b-

ran obserzvwer fro.me Enninmeenr School, Fort Sci roi
Who accompan-ied tecxreditiox. it corears the- period Lrom. 1_5
lairz ""A6 untl 7z Septemb'er 1946. acr!-e operation-swrecnct
e-d at Dlume-ts H4arbor on Pair ISIt- im the c-astrnCaad
,xra~ii,.hUg amnd at N;orth Star Bay in- Wolsterbobrmme Fiord4, =Grt-a-

west ~ ~ ~ =;w ih. -~ -- i.g !he
expecoxtlon, the fenc-owinzg oprainsVre conipaited; Be--z
jk andgonioprtin by M.axrIne Corps Dtcttn

c-~t~fctn~tof rtcwvaher station By U. S_ ete Bgreac;,
and onsrucionof emergency Mndaitg strip near the weafr-er

5sttfln by~ o Engi'neers. In this repw,orI-_tr
frost. refers tz the pzmrmanently frnenc- soil berwath-- an aciwr
layer of srface soiL Th'e active layer n-ries inmnxnt depth
-from- 30 to 36 i4.. A-n- nfler bottmis arld frm 5 to IZ it-. cm Pmoss or
tnira-t-erec erac The re*port is flaf iinfrttatyt

HMMIC-, R.ALPH W, *AGF' Tests - Frilg~4 Wiln asr Frost, Sum~marzy
Report of Engiiee Operations'% 30 3-=e 1947. Arctic Researeh Section,

'&e - cbL 7 z r3&-te C-- r. .IB vr
Thsis a sV arr er_

a2i - ;or ca! c=Zizeascaatosre dt
AryGro Forces' tests riiWOUlhiraw, &ndr7' Pre-

pared Shr a Of ~-~c the -Arctic Rescarct2 section- of The
Engiewer_ Sc , rate wrd5Sa-- of, -!he Task SF c-es --- to'- ob-
tain- basic infor-matin eesr to derelap ej~et eh
niC-es. tactkai ol ie and fann ee

efflcir' operation Under w atr conditos rae test w-ere
c=Eiduc_4 in area-s with aftrc;iiC. cold-ve, and4 beanty wn
conditions !-= Octoter za46 ta Aurfl '1947- I-ere isop-

inafrZost ara iliaie th- Ee area of Task Force Wsianw at Adk
Isadsince tEhe ish-ad is mWstly solid4 rock- There is zn- m7

znafrost in Caznp kMcCor =ear Snf= io--Ote r Cr
dftled repormts are to be prepared o these nLsk force oca

a tttt-iflS.- Wa JMs 3Pcaitr- t Retzei :c& Arzeat .. Miltay k1
nec, Sptaber194,. VoL .100M, Nac. 263. pp- 375-379-

This artcT des-it ocrria-!j iO v a



D.A., of a research area near Fairbanks, Alaska for the
purpose of studying the effect of permafrost (permanently
frozen ground) on various types of foundations, usinc; dif-
ferent kinds of insulation, piling, gravel fills, tc. SomE, of
the difficulties of construction are described, ircludirig what
happens whcn flowing artesian well is obtained when drilling
for water through the frozen ground.

LEFFINGWELL, E. IeK., "Ground-Ice Wedkes; The Dominant Form of
Ground-Ice on the North Coast of Alaska", Journal of Geology, Vol. 23, No.
7, pp. 635-654, October-November 1915

A description of soil polygons and incilosing wedges of ground
ice with an explanation of their origin aaxd growth.

LEFFINGWELL, E. DeK., "The Canning River Region -- Northern Alaska",
U. S. Geological Survey Professional Paper No. 109, pp. 179-243, 1919

An excellent early treatise on ground ice and permanently
frozen ground. A discussion of diyfusivity of frozen ground
is included.

LEWIN, JOSEPH D., "Essenials of Foundation DesiRn in Permafrost",
Pvjlic Works Magazine, February 1948, pp. 28-30; Public Works Maga-
zine, March 1948, Vol. 79, No. 3, pp. 27-30; and "Dams in Permafrost",
Public Works Magazine, May 1948, pp. ZZ-23-32; Public Works Magazine,
June 1948, pp. 33-34; Public Works Magazine, July 1948, pp. 57-58

Th,s series of articles describes foundation conditions in
areas such as Alaska and northern Canada where permanent-
ly frozen ground is encountered. Foundation design, includ-

ing the effect of ice and other factors, is discussed. Design of
a dam on a permanently frozen foundation is also discussed.
References are made to several Russian articles on permafrost.
Several illustrations are taken:from publications of the Corps
of Engineers, Department of the Army; a short bibliography is
given.

MADDREN, A. G., "Smithsonian Exploration in Alaska in 1904", Smith-
sonian Miscellaneous Collections, Vol. 49, No. 1584, pp. 1-117, 1905

An important report of both general and specific nature. Much
detailed material of value is contained in report including land
forms, soil types, etc. Chapter headings are as follows: Intro-
duction; Itinerary; Field of search; Glaciai period and the
mammoth: Horizon of mammoth in Alaska; Pliocene in Alaslka:

i Gravels underlying Pleistocene silts mentioned; Brief outline
of Pleistocene in Alaska; Depth of frost in circumpolar regions;
Land ice of arctic and subarctic regions; Land ice and the

Amammoth; Conclusion -- mammoths died out due to change in
climate -- climate never necessarily colder than at present --
deposits of ice tundra, etc., are products of Recent time. The
appendix discusses the descriptions of ice beds of the Escholtz
Bay in Kotzebue Sound and Kobuk River areas. There are many
references scattered through report ind many good photographs.
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MAIZ RSPERGER, WALTER P., Majori, Air Corps, Technical Observer,
"'Canadian -Winter Exercise 'Musk-Ox'", October 1946, Air Materiel
Conrnand, Wright Field, Dayton, Ohio, Confidential

Exercise Musk-Ox was a movement of ground ehicles supported
entirely by air. It has as its objective three broad subjects:
(1) Air Force cooperation in the arr'rc; (2) Evaluation of over-

-i snow vehicles under winter conditio:.s; and (3) Certain tech:Acal
and scientilic research projects in the arctic.

MCLEOD, NORMAN W., Engineering Consultant, "Airport Runway Evalua-
tion in Canada", Department ef Transport, Ottawa, Canada; Highway Re-
search Board, Research Reports No. 4B, October 1947

This report outlines results of investigation of runways at
number of Canada's principal airports in 1945-46. Program
of tests included: a pedological soil survey and preparation
of a soil map for each site; field moisture and density tests - -

in place on base course and subgrade; securing large disturbed
1 samples of base course and subgrade for physical and compac-

tion tests; and undisturbed samples for CBR, triaxial compres-
sio-i, shear and conselidation tests.

MEEKING, LUDWIG, "The Polar Regions: A Regional Geography", from
"The Geography of the Polar Rlegions", American Geographical Society
Special Publication No. 8, pp. 93-341, New York, 1928 (translated from
the German language by W. L. G. boerg).

it The author, a professor of geography at the University of
MUnster, ha; worked with all branches of geography, especially
polar geography, oceanography, and climatology. This book is
divided into 2 main sections, namely, the Arctic and the Ant-
arctic. More than three quarters of the book is devoted to the
Arctic, principally because much more information of the North
Polar Regions is available, and secondarily because of the wide
variations of conditions encountered in the Arctic. The Antarc-
tic is more uniform in all phases of geography than any other
region on earth of similar size. The Arctic: A complete, brief
chronological history of polar exploration describes the progress
made by various exp' orers and discoverers, starting with Pytheas
of Massilia in 325 B.C. to Wilkins in 1927. Much valuable infor-
mation on climate, geology, geography, and the flora and fauna
of the Arctic is contained in memoirs of the early explorers.
In the bibliography of several hundred publications, particular
emphasis is placed on expeditions made in the 18th and 19th
centuries. The author divides the Arctic into three major geo-
graphical provinces: (I) Rock desert; (2) Ice desert; and (3)
Tundra. Brief references are made to surficial markings
common to the Arctic. These include polygonal cracks, stone
circles, upraised clay areas, long solifluctionstripes,and

of the Arctic is made. The Antarctic: In 1501, islands in the
Antarctic fringe were discovered, but not until 1772 did Cook
define the limits of the Antarctic Continent. The author
describes in detail the Antarctic and describes I I individual
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re~ions. The main signific~n-e of antarctica study is that the
ice cap is probably a relic ci "%i! ice age and conditions exist-
ing there at the present Uime are probably similar to condi-

tions which existed during the PleistoCen-i. It may be noted

that because of the extremely rigorous climate, not one flower-
ing plant occurs south of the Antarctic Circle. Grasses are not
found south of 62 0S. Land animals are nearly entirely lacking;

however, sea animals are abundant, prin-ipally because of tue
abundance of diatoma.

MERTIE, J. B., JR., "A Geologic Reconnaissance of the D-nnison Fork
District", U. S. Geological Survey Bulletin 827

Location of area, previous investigations, limitations of t.ix;

report, geography, drainage, relief, climate, vegetatior., ani-
mnal life settlements, all covered in introduction. Geology:
sedimentary 7. igneous rock outcrops -- greenstona, granite.
volcanic .o'A-, (early, Recent), limestone, schist (Birch Creek),

conglome. ates described. Alluvial deposits: silt bluffs, possi-
bly som glacial deposits, mentioned. Many benches occur, re-
juvenat;on of Forty Mile River erosion to lower base le%,el.

Benches exist at various levels. Alluvial depositi are grave-
sand, silts, some to considerable thicknesses. Mneral re-
sources discussed and classified. Coal-lignitic is primary

mineral of importance.

MERTIE, 3. B., JR., "The Yukon-Tanana Region Alaska", U. S. Geological

Survey Bulletin 872
Initial surveys, extent of present survey (scale, detail, etc.) con-

tained. Geography (details on drainege of area, pp. 11-32)
covered. Settlements, population, transportation, climate, general
information discussed. Geology outcrops of schist (fairly exten-
sive) limestone, sandstones, shales, fossil studies are correlated

in description. Unconsolidated deposits exist, not glacial, but
much glacial oitwash material reworked, smoothbed, water-
worn. No direct glaciation exists but much material washed

into valley -- boulder pavements, soil slumping, alluvial ter-

races, and deposits. Many deeply buried channels, cutting into

older terraces and deposits. Streams seem to be in cycle of
rejuvenation, i.e., islands in Yukon Flats are net growing but are
beling weathered and dissipated. Other material on igneous

rocks, intrusives, geologic history and economic geology, placer

deposits, hillside, valley, older alluvium, placers covered in

remainder of report. References scattered through report.

Geologic map included.

MERTIE, X. B., JR., "The Chardalar-Sheenjek District, Alaska", U. S. Geo-
logical Survey Bulletin 810-B, 1929

This bulletin discusses the geography and geology in Lonnection
with the mineral resources of the Chandalar-Sheenjek Rivers

as well as streams in the vicinity. This area is located direct-
ly north of Fort Yukon on the Yukon River and extends up to the

Brooks Range. The work was done in 1926 and 1927.
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ZMERTIE, 3. B., JR., ".neral Deposits of ie Rubv-Kuskowim- Region,
Alaska", Geological Survey Bulletin 864-C, 1936

This bulleA'4 discusses the geography amd geology in connection
w-- a the mineral resources of the R~ub'r--Kuskokwixn regio- in

ws-ceiita Asabeween the Yukon and Kuskokwvimr Rivers.

IMERTIE, J . B.,, JR., "'Geology of the Eagle-Circle District, Alaska"', Geo-
logical Survey Bulletin 81., Deprartment of the Interir, 16930

This buzlletin covedrs the area~ along the Yukon River between
Circle and Eagle, from Circle upstz im t-3 the United State s
bou.ndary. This bulletin discusses Tk. ,-ogru~p and geology
as well as climate and mining in an area whica has been very
active as a gold mining region since 1897. The w 6ork is bazzd
on field work by the writer in 1925 and includes refexenc..z to
statements from all prior geology work in this area. It is
illustrated with many phnotographs and diagrams. A very brief
reference to permafrost indizates that it has restricted the
circulation of the deeper groundwater.

MOFFIT, FRED H., "Geology of the Nutzotin Mountains, Alaska" Geologi-
cal. Sutrvey Bulletin 933-B, 1940, pp. 103-i?4

This pape;?r deals primarily -with the geology of the part of
the Nuzotin Mountains extending southeastward from the
ANabesna River to Beaver Creek and the boundary between
Alaska and the Yukon Territory. This area includes the
Nabesna gold mine, on White Mountains, and the Chisafia

* placer-gold district nerar the head of the Chissma River, both
of which have been important producers of gold. The field
work represented on the geologic m-ap was pa,3rtly a revision
of work previously done by the writer and others and partly
an extension of mapping into areas hitherto uwnapped.

MOFFIT, FRED H., and MERTIE. X. B., JR., "The Kotsina-
Kuskulana District, Alaska", Geological Survey Bulletin 745,
1923

A geological survey to determine, excamine and map in detail
copper-bearing areas which give promise of yielding commer-
cial ores. Survey was made in the Kotsina-Kuskulana district
in the part of Alaska known as the Copper River region. It
lies at the west end of Chitina Valley on the southwest slope
of the Wrangell, Mountains.

MOFFIT, F. H., "'Geology of the Nome and Grand Central Quadrmngles -

Alaska", U. S. Geological Survey Bulletin No. 553, pp. 53-54, 1913
Restatement of Tyrrell's description of "Crystosphenes or
Buried Sheets of Ice in the Tuntdra of Ncrthern America".

M0OFFITT, F. H., "Geology of the Slana-Tok District, Alaska", U. S. Geo-
logical Survey Bul1tin 904, p. 54

Discussion of area is covered (geographic) by previous work.
Contains information on relief, drainiage, transportation, vege-
tation. Geology of consolidated (schists, igneous rocks,
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sedimnentary) and uncoiisolidated deposits iglacial, &lluvial,.
colluvial) is given. Et.xensxve glacial deposits are in area.
No preglaci:al deposits in evidence. Siana River shiftsit
channel over wide 1!ood plain -- moraine still1 occupying. most
of valley to about 400-500 ft above river, kettle kame tozog-aphy
ponds, lakes nuxnerou:;: some kaines relatively dry but mocib.
soil in base gives limuriant, growtit of grass. Morainal deposits
occur elsewhere but not as conspicuously as in this val'ley.
They occur especially where they are covered with tree±.- High
gravuels found at variou leve~s to 2,000 ft above stream. Low
benches occur on almost all streams. Description of placer
an,' la!e dzposits follows geologic data and history. Geologic

Z rmp of area included as well as some sketch maps and photo-.
graphs mf area.

MOFFIT, FIRED H., "Geology of the Uper Tetling River D46trict. Alaska",
U. S. Department of the Iriterior, Geological Survey Bulletin 917-B, 1941

Thze !erm upper Tetiinn River district is here applied to it
sM14. part of the Al, ska Range lying northeast of the Wrangell
Mountaints and extending from Suslota Pass to the Nabesna.
River- The rocks of the district are predominantly sedimentary.
but ir~t!,ie lava flows and tuffs. and areas of granitic intr-usives.
The distrlet is strongly glaciated, and its unconsolidated de-

Z posits tkirefore include mnorainial material as well as the usual
sand, silt, and gravel of the streams and lakes. Evidences of
gold and mollienum have been found.

MONTGOMERY, iR. H., --Precise Levelling on the Alaska Highway". Trans-
actions, Americar& Ciophysical Union, Vol. 29, No. 1, February 1948. Pub-
lished by the Naiin. Research Council of the National Academy of

Z Sciences, Washing-wn, D. C.
Presents history o. precise vertical control in Alaska and the
Yukon; discusses p -ticular problems encountered in bench rnark
construction and des~cription when working in northern latitudes.
Comments on e-ideiiee indicating regional earth movement.

MORIARTY. C., "So You Think You Have Transportation Problems", Pa-
cific Builder and Engineer -Vol. 51, No. 5, May 1945, pp. 52-55

Z An article by the Assist, nt General Manager, C. F. Lytle Com-
Z pany and Green Construc. ion Company, on how Lytle and Green

moved equipment , supplies and men to CAA project sites in
the primitive Alaska interior despite some of world's toughestQ
natural barriers of weather, water and terrain.

MULLER, DR. SIEMON WM., "Permanently Frozen Ground and Related
Engineering Problems", Special Report, Strategic Engineering Study No.
6Z, Military Intelligence Division, Office, Chief of Engineers, August 1945

A comprehensive treatment of ice and permafrost. Of interest
pertaining to normal frost action are: lag of ground tempera-
tares behind air temperatures; fundamental principles governing
formation of ice in soil; freezing temperatures of salt solutions;
heat ccnductivity of soils; and swelling of ground during freezing.
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~ MULLER, DR. SIEMON W-M., "Constructain of Runwavs an-d Bu""-ns
fnder ArciC. or Subarctic Co.nitions", Cormanding Ger ral, Alas" n Divi-
slonATC, 21 Novemnber !944

A letter to the Comma nding "eneral, Alaskan DiVision, ATC, ---hich
points out conclusionr and recon--me. iations as to the various
methods of const-c-tion t permafrost Also outli es a set of
tools and the scope a nd plan of the study of permafrost for use
by field men.

NATIONAL RESEA.RCH COUNCIL OF CANIDMA, "Soil Temperat-res in
Canada -- Observations of Soil Temneratures". February 1931, Ottawa

Observations were rmade from 1894 io 1900 at McGill Universit-.
Thermometers were placed at depths from ' in. to 9 ft in sa..dy soil.
O-her observations were made at Guelph, Ontario -rom 1930 to
1932 and awt the University of Saskatchewan fr~rn 1921 to 1923
and from 1929 to 1934. Some oi these results hive been taken
from other papers. The effect of snow, rain and air temperatures
on soAi temp,:ratures is discussed e length- The frost penetra-
tion and depth of "ater mains in various Canadian cities is given
including Cal2gary, Edmonton, Moose -aw, Regina, Winnipeg, Wind-
sor, Brantsford, Chathan, Ottawa. Permafrost in the Htuison Bay
area and the Klondike region is stated to be over two hundred feet
deep. At the maximum, thaw, it is generally 6 in. to 10 ft in the
summer time.

NIKIFOROFF, CONITANTIN, "Perpetually Frozen Subsoil of Siberia",
Soil Science, Vol. XXVI, No. I, July 1928, pp. 61-79

This article discusses the location, thickness and temperature
of permafrost, particularly in the vicinity of Yakutsk, Russia.
The well of Shergeen at Yakutsk is stated to be 382 feet deep
and the temperature at the bottom to be 3C. A hypothesis as
to the origin of permafrost is discussed. it is pointed out that
the climatic conditions resulting in excess of cold may cause
the permafrcst. The other theory points out that permafrost
may have been caused by glacial action. There is a discussion
of soil blisters and ice caverns. It is pointed out that agricul-
ture by the Yakuts has been successful in spite of the fact that
the growing season is only one hundred days long. Of course,
during te growing season, the sun shines from ZI to 22 hours
per day. Dairying is the principal agricultural pursuit. it is
pointed out that perpetually frozen subsoil in North America
has received very little discussion in technical literature. A

series of maps and graphs illustrating the author's disserta-
tion are included.

NORDENSKJOLD, OTTO, "Polar Nature: A General Characterization",
from "The Geography of the Polar Re2ions", American Geographical
Society Special Publication No. 8, pp. 1-90, 1928, New York, translated by
Dr. Einst Anteus.

The presence of the polar regions of today encbles 4cientists

to visualize more clearly the conditions existing during the
ice age. The climate, the ice covering and the sparse
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vegetation are the 3 main 1actors :ih ir k polar n-at-re, -hat
it is. With respect to climate. zu-rner teneratures ar ,a
more iznt~ortant than winter terneratares on, t1he cha-racin-ist1cs of

*polat. nature. Precipitation an id-eeiyare of cerai- Lrn-
portance. The change o lit cortions between sum ner and
winter (daylight and darkness, in effect), the ,- ura anl certain
ae-tures of land form..s are of -ninor importance. One tn he n= or
benefits whichl can he gained fromx knowledgze otaine-d from. pol-ar
research is to obtai a more accurate DiCr'rC of "'w- t han-ered-

during the Pleistocene. The author. a geography professor at the
University of Gothenburg (Sweden) has assemnled
dat and informatio- of the flora and fauna gathered by nun-rous

expeditions to various parts of the A--tic a d Antarctic. A -r;

reference is nvde to soil forming agencies and soil form.tons,
especially solifluction, nolygoral soils, soil stripes a--- tvnicali
land forms occurring in polar regions. Tne author suggests
that permanently frozen grorund should be distinguished from.

-_-layers of pure ground ice occurring directly beneath a ihin
vegetation .mantle, found in Alaska, Siberia, and especia"ly i
the New Siberian Islands. A bibliography of 24 refer*nces.
principally European Polar Expediton .papers, is included.

PORSLD., A. E, 'Earth Mzunds in Unglaciated Arctic North-.wesirn
Alaska", Geographical Review, VoL 28, No. 1. 1938

=_- Origin of mounds -- hypotheses covered are: (I) by hydraulic
pressure, cracks caused on surface with possible steady seep-
age afterward, (2) so-called "'local upheaval" on low n-.arZ-nal
plains. Descriptions and photographs of "pingos" -with cress

-- - section of one, also discussion of remnants and their cause
included. Local upheaval is due t) expansion of water as down-
ward freezing progresses. Mention of cadd storage vaults on
"pingos*" in Kotzebue region with discussion of their mode of
origin. "Pingos" due to hydraulic pressure occur on slopes,
to establish necessary head. "Pingos" of upheaval type on flat
lying land.

REGIONAL CONTROL OFFICE," We.Qxer Stations in Alaska and Western
Canada", 15 February 1945, 16th Weather Region, AAF.

This pamphlei contains a complete and accurate compilation
of all information available at the time of pub]ication on
weather stations in Alaska and Central and Vestern Canada.
The information is divided into three parts as follows:
Part I -- List of Weather Stations in Alaska and Central and
Western Canada; Part I -- Alphabetical List of Call Letters
for Weather Stations in Alaska and Central ,nd Western Canada:
and Part HI -- Numerical List of Index Numbers for Weather

Stations in Alaska and Central and Western Canadt.

ROCHE, M. A. and M,.ITCHELL, M. R. C., "Water Works and Sewerage in the
Far North", Public Works Magazine, August 1948, pages 21-23

A. Unusual Distribution System at Flin Flon, Manitoba, by
MA. A. Roche. Permanent frost exists here between I and 16 ft
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be-low the surfa-e Water pumped throu01gh l3,OOV ZZt of zin.
WO Oa-.ve p .e has f.Qt O-- n - 1 years. He--tin r-eirecu--

on one occasion. StMage tar.s' a-d uilidors for dAji-.r'tl0o
are steam. heated. Distribution lins ar- in 4010 c--cuis
in &!.:ch wat--r is Circti_& continuously. Steam is use- to
hold ernera---re at -or less than, 30 F_'.
B. Wate- a4 Siewerage at SKherridon. M-itba, by M. R_ C.
Mitchel. Water mains and setwers are tiid close toget-her in
trenches about 8 f1t below the ground- sur,'4ce or togetlhe' with
steam vines On flh* surface woocen oozes z-acked wi*h saw-
dust. The water mains are discharged into the dead ends of
sewers to preven- freezing. Sewers -id in boxes are cast
-ron nDIe and those buried i- the ground are vitrified claz.
The cost of heating the pipes in the boxes is quite high. Boxes
-n-closing pipes. in general, are large enough to permit a rnan
to work inside without opening the box from- the outside.

SCHERRER, FRED G-, Cant., CE. and SC-!-=E, EUGEE C., Cp
'irieid Construction in Arc-tic and Subarctic Regions, Alaska", Prenared
under direction of Office, Air Engineer, Hqts., AAF, Wfashington, DC, 30
No-ember 1945

TL. nublished ranuscript conta a general description of

the geography, .. eeorology, and ground conditions in Alaska
with individual descriptions of the various --ai-f ilds in Alaska
at the time of the report -- 1945. Also contains chxpteils dis-
cussing methods of airfield design and- construction, airfield
site reconnaissance, transportation in the arctic and sub-
arctic regions particularly by tractor train, winterization of

engineer equipment, and conclusions and reconmendations.
it is weD illustrated with many photographs. In general, this
is an excellent review of airfield conditicas in Alaska in 1945.

SCHMDT ROBERT W., "Frost and Permafrost, A Brief Survey of the
Agencies and Literature Dealing with Frost and Permafrost", September
1948, Documentary Research Division, Air University Librariesi Air Uni-

versity, Maxwell Field, Alabama
A bibiography of 137 pages giving the agencies and literature

dealing with frost and permafrost prepared for the use of

Air University instructors and students.

SEELEY, W. L., "How Rains, Cold Weather, Poor Soil Conditions were
Licked at Gustavas", Pacific Builder and Engineer, Vol. 51, No. 4, April
1945, pp. 48-54

An article on grading, drainage and paving methods which
successfully solved unusually tough problems encountered
in building an isolated airport in Alaska's rain belt.

SHARP, R. P., "Ground Ice Mounds in Tundra", Geographical Review, Vol
32, No. 3, pp. 437-4Z3, July 1942

Description of ground ice mounds in Wolf Creek region. Photo-
* graphs and cross-sectional sketches ,,.cluded. M-ode of origin

discussed may be due to hydraulic pressure or of Porslid's
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" -h2a-al " type. e l - nt '-toitn e ice because of r_ace

inection of urSean-L Dissasi of 93c-es mhe
. .. n of {a en fel e o-uds, )r.a p.. latons, S3) at.or... R

ogra- roducer -- 'ob s desprssiors more ar less Marle
by vettiono conai-ed in rert.L Grlond ice tan cls sho be
considered aonk -iths se sincti. erost e ain alp s ,
lornaiaton in the de-enent zf tonr-d ra onograny.

SwM sH P shI meot S., "Areal lony of Ae U. S. eit of the n ierior,
Geological Survey Professional Pap;z 192, 1 939

A desc r--i;non- of the idaso ad i area! disfaribatin of the
inner subdivisions of the different geologic formac hat make
our visible rocky crust of the earth in Alaska.

S MH P.S. ad E-Re, . , r..-, "Geology ands- o Resources o
Nortesern Aro ka". U.eeSto es sical Sutrvey BAet$i esn 815.
Introduction, past ando presentreports, inclzdaed discussion of
authors' trips, is incl Much covered on reld and drainage
of 00 general features, ( Koondk plateaus, (3) Brooks Range

roince, (4 Arctic plateaus, and (5) Arctic coastal plain . De-
scrin tion of clima te, vegetation, wildlife, and population ilhded.
Geology broken down into periods for discussion; a very good
taFe showing age and type of rocks in northwestern Alaska,
Chandalar-Koyukuk region, Canning River region. orcunine
Valley region, and Eagle-Circe district cntained in report..
Very good chart, more exact locations within northwestern
As e f nd wih the individual reports. Much limestone,

some sales, sandstone igneous iitusives. Unconioldate,
deposits -- marine -- being formed along coast by action of:
waves and stream deposition. I1ce short features exist on
beaches. GlacWi -- (map showing extent ad glaciation. page 243).
out-wash, mnoraines (lateral, recessional); sonic still exist
Fluviatile -- much glacio-fluvio deposits, by far the largqest of
unconsolidated deposits, exist. Mnfy benches, much oat-wash
occur. Solian -- dunes. Mention of ice in ground, ice wedges,
some large masses, others vertical dikes. Description of
igneous rocks, greenstones, basic intrusives and extrusives,
granites, Invs with location noted included. Discussion of
economic geology, petroleum, coal, gold placers, description
of areas of importance in each category contained in report.
Gold lodes, lead, iron, copper included, bout are primarily of
concern in bedrock studies. Good topographic and geologic
reconnaissance maps of area. Many photos that are of value
in description of text

SPOFFORD, CHARLES M.., "Enineering in the Far North" %(-Received from
the Office, Chief of Engineers. 8 November 1948)

This article briefly discusses field work in the far North;
type of clothing to be worn during summer and winter work
i-n the ield; temperatures; costs; permiafrost; design; and
sanitary engineering.
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TAYLOR, RAYMOND F., "Pocket Guide to Alaska Trees", U. S. Dept. of
Agriculture, Miscellaneous Publication No. 55,

Three general types of vegetation occur -- spruce birch forest of
interior; nonforested tundra of Arctic and Bering Sea slopes;
dense hemlock spruce forests of coast. Coastal forests -- exist-
ing on Pacific side of Alaska Range from southeastern tip io
Kodiak -- contains 70 percent hemlock, 25 percent spruce,
5 percent cedar, and others. Interior forests, existing in rivers
and flats, contain spruce, birch bounded on south by Alaska Range,
north and west by tundra and grasslands. Nonforested areas,
grasslands, occur in Alaskan Peninsula, Aleutian Islands, south
slopes of Alaska Range, tundra over vast section bordering
Bering Sea and Arctic Ocean north of Brooks Range. Two pages
used in brief identification of leaves followed by Z7 pages of
description of trees -- bark, wood, leaves, etc. and location.
Pictures of leaves and cones included. Map accompanying report
shows general location of trees -- scale i:5,000,000.

THE ENGINEER SCHOOL, "Bibliography of Arctic Literature with Glos-
sary", Brochure No. 2, August 1948, The Engineer School, Fort Belvoir
for the Chief of Engineers

This bibliography was compiled at The Engineer School, Fort
Belvoir at the request of the Chief of Engineers. Its purpose
is to present a list of reports, letters, articles and books
dealing with the subject of the Arctic and Subarctic. Section I
gives a brief glossary of common arctic terms which have not
yet been standardized or are at variance with the standard
dictionaries. Words which are more or less standard arctic
terms, such as eskimo, musk-ox and so on have not been con-
sidered. Section It lists the titles of those works which are
available at most civilian libraries. Section III gives the titles
of those works which are availabe through intelligence channels
for authorized armed-force personnel only.

THE ENGINEER SCHOOL, "Water Supply in Arctic. Subarctic., and Antarc-

tic Regions", June 1948, The Engineer Center, Fort Belvoir, Va.,

Restricted
This report presents the results of a study of arctic, subarc-
tic, and antarctic water supply problems and methods. Its pur-
pose is to furnish informazion needed to develop water supply
methods at military bases and during field operations, and
also to estimate future Army requirements. Much of the in-
formation was obtained from official reports of military opera-
tions by the armed forces of the U. S. and Canada and from
Government publications of both nations. Various subjects
covered are types of natural water resources; civilian w&ter
supply methods; military and naval water supply; recent
developments in field water supply equipment, etc.

TUCK, RALPH, "Origin of the Muck-Silt Deposits at Faixbanks, Alaska",
Bulletin of the Geological Society of America, Vol. 51, pp. 1295-1310,

S1940

64



Introduction covers discussions of problems, description of dip-
trict, mention of permanently frozen ground to depths of 200 ft,
mentions location of frozen ground below muck deposits but in
general not below silt deposits. Muck exists in valleys with the
exception of Tanara River where gravel flats are exposed, but
a lower muck horizon exists below p.resent strearn gravel.
Much organic material, much ice. Muck dark when frozen, but
turns light when thawed and oxidized,unilorm size. Silt, from
a few to 300 ft thick, with no definite upper limits, contains inter-
bedded, ash layers, roughly horizontal uniform size. Origin --

silt has been assigned to lacustrine (not-good because of lack
of gradatioi) and sidehill creep and slides (this could hardly
have happened in the production of such large quantities). There-
fore, aeolian nature best adapted to situation of uniformity and
quantity. Relation of silt to glaciation and rock floor of glaciers
and indications of climate and vegetation from deposits of muck
and silt discussed in report.

TUCK, RALPH, "The Loess of the Matanuska Valley, Alaska", The Tour-
nal of Geology, Vol. XLVI, No. 4, May-liune 1938

Four objectives of quantitative study of sediments are outlined,
each of which requires specially collected samples. The
corresponding techniques of collection are here called- engi-
neering sampling, descriptive sampling, environmental samp-
ling, and correlation sampling, according to the purpose of the
samples. The steps in the systematic collection of samples
for the first three purposes are-outlined. Certain principles
underlying efficient correlation sampling are considered. An
example of the use of the sedimentation unit, showing how the
boundaries of the individual units are determined, is given in
detail. Six general steps for the determination of a sedimenta-
tion unit are given. Devices for obtaining the samples are
described.

UNIVERSITY OF ALASKA, "Earthquake Report for Interior of Alaska",
5November 1947, College, Alaska, for Commanding Officer, US, AAB, Ladd
Air Force Base, Alaska

A summary of the present knowledge and opinion of members of ihe
University of Alaska in the matter of earthquakes in the interior
of Alaska.

U. S. GEOLOGICAL SURVEY, "Alaska Volcano Investigations, Report No.
2: Progress of Investigations in 1946", written for the Corps of Engineers,
Dept. of the Army

In the interests of protecting military installations from destruc-
tive volcanism, the War Department, ir October i945, requested
the Geological Survey to undertake a program of volcano research
in the Aleutian arc. The general objective of the program is the
collection and interpretation of geologic information which may

"' . -be applicable to military operations in this area of active vol-
canism, with the ultimate aim of developing techniqucs for pre-
dicting the nature, location, and time of volcanic eruptions near
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military establishments.

U. S. GEOLOGICAL SURVEY, "TerrL, Intelligence, Revised Report,
Strategic Engineering Study No. Z7, Alaska", Apri' 1943, written fcr
Strategic Studies Unit, Intelligence Branch, Corps of Engineers, Confidential

This report consists of a folio of maps and explanatory tables
outlining the principal geographic and related features of Alaska.
They cover such subjects as terrain, climate, water supply, con-
struction, transportation, geology and mineral resources.

U. S. GEOLOGICAL SURVEY, "Map of Alaska", Series E, 1946 Edition
Political diviiions, towns, cities, railroads, highways, and other
pertinent information are shown. Scale is 1:2,500,U00. Map
was compiled by the Alaskan Branch of the United States Geo-
logic Survey.

U. S. GEOLOGICAL. SURVEY, "K.asnoyarsk-WeLkal Air Route, Siberia,
USSR", Special Report, Strategic Engineering Study No. 47, January 1943,
for Intelligence Branch, Office, Chief of Engineers, Confidential

A folio of maps, explanatory tables, and photographs which out-
line the principal terrain features of the following places and
immediately adjacent areas: Krasnoyarsk, Ust-Kut, Kirensk,
Tommot, Yakutsk, Oimyakon, Seimchan and Wekal. For er.ch
area, one or more maps and tables describe such subjects as
topography, passability of terrain, anchorages, ports, landing
beaches, possible airfield sites, kind and availability of con-
struction materials, fuels, water supply, and special engineer-
ing problems connected with the permanently frozen ground.

WALLACE, ROBERT-E., "Terrain Analysis in the Vicinity of Northway,
Alaska with Special Reference to Permafrost", Permafrost Program P1o-
gress Report No. 3, July 1946, U. S. Dept. of Interior, Geological Survey

This report describes the permafrost cunditions, ground types,
construction considerations, and methods of identification of
five major terrain divisions, their subdivisions, and their

ZZ associated -'1.es in the vicinity of Northway in the Upper Tanana
River basin ol' eastern Alaska. The five terrain divisions are
ri-,er flood plains, said dunes, lake-sediment terraces, alluvial
fans, and bedrock areas. A major purpose of the investigation
resulting in this report was to determine the relationship of
permafrost to terrain types in the Northwa" area so that ulti-
mately criteria can be established for the prediction of perma-

, frost conditions in areas of possible, military importance noL
accessible for ground investigation. Emphasis was placed on
the use of aerial photographs in the analysis of terrain divisions.

WALLACE, ROBERT E., 'Cave-In or Thermokarst Lakes in the Nabesna,
Chisana, and Tanana River Valleys, Eastern Alaska", Permafrost Program
Progress Report No. 4, 1946, U. S. Dept. of Interior, Geological Survny

Report on a study to develop criteria to be used in determining
permafrost conditi'rns by means of aerial reconnaissance. The
present study of cave-in lakes in the Nabesna, Chisana, and

A
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Tanana River valleys of eastern Alaska Is part of an investi-
gation of permnafrost by the Geological Survey.

WIAR~ DEPARTMENT, -Canadian Winter Exercise, Musk-Ox", U. S. Army,

Washington, D. C., OC afidential
Thi, document con~ains the czonsolidated report of the six U. S.
Army observers who particirated inthe Canadian Winter Exer-

is Musk-Ox" wvhich, during the period 15 February to 6 May
1946. traveled somne 3200 miles from Churchill, Manitoba north
througnh the arctic barren lands to Denmark Bay, westward
along ihe sea-i-ce to Cappermire, NWT, across Great Bear Leke
to the Mr.kni~River at Fort Norman, NWT, southward through
thawing onitions in deep snow and~ heavily wooded terrain to
Fort N,.elson, BC, thence by h~r Alcan Highway and rail to Edm-on-
ton, Alberta. The objects of teexercise were to study Army-Air
Force cooperation; mnobility of over-snow vehicles under wrb-r
conmtmons; methods of air sapply, including possibility of es-
tablishing temporary landing strips: certain technical research

pt ect inarcic warfare.

-YZ1RI DEA-IZ I , "Ar'ctic Mvanual, Tecnical Mlna .. 1Z, .1

Yanuary 1944
I -ev:-2wynont adonted in this manual Is Primarily that of Army

person)nel whlo -.4ll have to. travel in the Arctic and livc away
fronn permantnt posts. Howteve-r, it also contains m~uch 'Informi-
tzon that is val~.able to a,.yonc stationed anywhere within the
Arctic and Subarctic. It covers the following subjects. Charac.-
ie!r of the Arctic Country, Living in the Arctic.

'-VAR DEP.ARTMIENT, "Principles of Cold Weather Clothing and Equipmenf,
TPei~htncal Mianual IN-1 10-275, 26 October 1944

Thu pur.pose of this mnanual is to insure proper_ Use, care. and
maintenance of cold-weather clothing and equipment. It deals
wiih all importarnt items of clothing and equipm~lent used in cold
climsates and in the mourtains.

WAR DEPARTIMENT, "Construction of Runways, Roads and Buildings on
Perm anently11 Frozen Ground'*, War Departm~ent Technical Bulletin TB
5-7-45-3, lanuary 1945

Construction in arctic and subarctic regions usually requires
methods and designs quite different from those used in tern-
perate zones, esp~ecially. on sites u-dranb pernny
frozen ground. It is nccLnssary to cooperate with nature; not
oppose her. This bulletin represent2* the best information now
available on reconnaissance, design, construction, and mainte-
nance for successful work in areas where permanently frozen
ground exists. (This manual is being revised.)

WAR DEPARTNMNT, "Ques*iozis and Answers Pertaining to Cole- Weather
Clothing", War Department Technical Bulletin TB QN1 3, 28 January 1944

A bulletin of questions and answers concerning clothing and
equipage necessary for cold climates.
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WAR DEPARTMENT, "Operations in Snow and Exti eme Cold", War De-
partment Basic Field Manual, FM 70-15, November 1944

Military operations conducted under conditions of snow and
extreme cold follow the same basic principles as do opera-
tions under other conditions. The differences lie in the
tactical and logistical limitations imposed by the adverse
climatic conditions and in the special equipment, training,
and procedures necessary to overcome these limitations.
The principles and doctrine described in this manual are
applicable to operations conducted under conditions of snow
and extreme told in any type of terrain. They are not limited

to operations in those portions of the world which are usually
designated as "Alpine" or "Arctic".

WAR DEPARTMENT, "Report 881, Investigation of Airfield Construction
in Arctic and Subarctic Regions", 28 October 1944, Office, Chief of

Engineers, Confidential
The purpose of the investigations co-ered by this report was
the assembly of basic data pertinent to the reconnaissance,
location, design, construction, and maintenance of airfields
in arctic and subarctic regions, including runways and air-
field installations. The investigation was c6nfined to published
literature, to the review of reports prepared by agencies
familiar with construction practices in such regions, and to
limited field examination of existing installations in Alaska.

WICKERSHAM, SAMES, "A Bibliography of Alaskan Literature", College
of Agriculture and School of -Mines, University of Alaska, College, Alaska,
1927

This volume is supposed to contain a complete list of the titles
of all printed books of history, travels, voyages, newspapers,
periodicals, and public documents, in English, Russian, Ger-
man, French, Spanish, etc., relating todescriptive of, or pub-
lished in Russian-America, now called Alaska, from "1724 to
and including 1924. With the exception of the Introduction, it
is a mere compilation of the titles of the books, etc. in which

Alaska is described, or which were printed in Alaska, and
are therefore in such intimate relation to the country as to

be of value to the student who wishes to study the history of

the Territory, or some of the various phases of the develop-
ment of its material resources.

WILSON, WALTER K., JR., Colonel, CE, "The Problem of Pernafrost",
The Military Engineer, April 1948, Vol. XL, No. 270, pages 162-164

Describes study of permafrost started in 1945 by Corps of
Engineers, St. Paul District. Field work in Alaska includes
studies of airfields constructed during World War H, an ex-
perimental plot constructed near Fairbanks, weather and
ground temperature data from various points, and develop-
ment of methods for locating airfield- sites from aerial photo-
graphs. Laboratory studies of thermal properties of soils
were r,viade et the University of Minnesota. Object of studies
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is to develop criteria for design and construction of airfields in
arctic and subarctic regions.

d. BUILDINGS AND STRUCTURAL FOUNDATIONS

ARCHIBALD, RAYMOND, "Peace River Bridge Builders Win Hard Race",
Engineering News-Record, Vol. 131, No. 6, E August 1943, pp. 4 and 5

Describes the location of the bridge and problems encountered
during construction. Includes several photos.

BODMAN, 3. D., "Peculiarities of Aleutian Military Design", Civil Engi-
neering, Vol. 15, September 1945, pp. 402-404

This article discusses difficulties iavolved in the design of
mtlitary structures in the Aleutian Islands. One of the major
:factors aifecting design is the fact that winds with an in-
tensity of 100 miles per hour were common. Foundation
conditions varied from solid rock to deep tundra and muck
beds incapable of sustaining any appreciable load. No per-
mafrost was encountered in the Aleutians. The article is
illustrated with several photographs.

oD'APPOLONIA, ELIO, "Permanently Frozen Ground and Foundation Design,
Part 2", Engineering Yournal (Canada), Vol. 29, No. 1, pp. 7-12, January
1946

Reasons for failure of foundations for structures on perma-
frost and examples of designs to prevent melting of peria-
frost and causing excessive settlement of foundations.

9D'APPOLONIA, ELIO, "Foundations in Permafrost Regions", Tentative
Report, I August 1944, Northwest Service Command

Part I deals with construction in permafrost regions and shows
the results of improper construction in a furnace room at the
Koidern Repeater Station, Y.T., power, boiler house and
utilidor, Northwest Territory, runway, garages, warehouses
and utiidor at Northway, Alaska. Points out in each case that
construction was done incorrectly because of lack of know-
ledge that the heat transfer caused melting of the permafrost
and settlement to failure of many of the structures; that con-
struction with an air space using piling is a solution of the
problem. Other chapters deal with wood pile foundations in

permafrost regions and runway design in arctic and subarctic
regions. An estimated cost of field research is shown as
Part IV. A brief review indicates that the figures are too
low.

DOCKSTADER, E. A., "Effect of Freezing and Thawing of Soil Under Foun-
dations of Cold Storage Warehouse", Proceedings, International Con-
ference on Soil Mechanics and Foundation Engineering, Harvard Universi-

ty, Vol. 2, pp. 171-173, 22-Z6 June 1936
Factual data on depth of frost, height of heave due to heaving
of foundation soil and settlententz of foundation of a nine story
cold storage building under controlled thawing.
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ENGINEERING NEWS-RECORD, 'zThe Saga of the Greenland Bases", 7 Sep-
z temnber 1944, Vol. 133, No. 10, pp. 96-100

This article describes the construction of some major bases, -a
few auxiliary airfields, and several weathier stations in Green-
land by American contractors and U. S. Army enineer troops.
With- regard to permafrost, thit article is quot 4 ' as follows:
"Perhaps the most irnportant lesson learned on construction
operations in regions of permafr-st- is not to change the natural
balance and flow of water, narfizuarly "n underground cnanneis.

In construction of rzn-'ays, t --I. Is regular .practice not to make
cuts using fills only to attain ;evel surface.-nn 'act- - Is a-re made

largely with gravel frorn glacial mloraine ............. Preferred
construction is to build above ground and to use thick gravel

Z -::"blankets below foundations to snread the load. An open space
now is left below the building floor to nermit air to circulate
under the building so that heat is not transmitted to tIe ground.
Double flooring is used and ce-ing is added under the joists
to keep floors warm in living quarters."

HARDY, R. Nz-, "Permanentlv Frozen Ground and Foundation Design, Part
1", Engineering journal (Canada), Vol. 29, No. 1, 4-7 January 1946

Limited largely to discussion of permafrost but includes a re-
view of theories of frost heave, and shovs relationship be-
tween soil t.pes and ice2 segregation in permafrost.

Z HENKEL, H. L., "Foundation Problems at the Bethel Airport", Pacific
Builder and Engineer, Vol. 51, No. 5, lay 1945, pp. 56-60

An article on how failu.ie is changed to success when suitable
site and borrow area are finally located for strategic base.

JAILLITE, W. MARKS, "Permafrost Research Area", The Military Engi-
neer. September 1947, Vol. XXXIX, No. 263, pp. 375-379

S[This article describes construction bv the Corns of Engineers,
Z DA, of a research area near Fairbanks, Alaska for the

purpose of studying the effect of permafrost (per. anently
frozen ground) on various types of foundations, using different
kinds of insulatxon, piling, gravel fills, etc. Some of thle
difficulties of construction are described, including -hat
happens when flowing artesian well is obtained when drilling
for water through the frozen ground.

LEWI, JOSEPH D., "Essentials of Foundation Design in Permafrost " , --

Two articles: Public Works Nagazine. larch l 948, Vol. 79, No. 3 ann
Public Works Magazine, Feb. 1948, pp. 28-30; "Damns in Per.nafrost", --

Three articles: Public Works Magazines for Mlay, June and JuIy 1948.
This series of articles describes foundation ccnditions in
areas such as Alaska and northern Canada where permanently
frozen ground is encountered. Foundaton design, including
the effect of ice and other factors is discussed. Design of a
darn on a permanently frozen frundation is also discussed.
References are made to several Russian articles on permafrost
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Several illustrations are taken from publications of the Corps
of Engineers, Department of the Army. A short bibliography
is given.

LINDE~, S. F., "The Freezing of the Foundation Soil Under Cold Storage
Buildings". Warme u. IKaltete-chnik, 1942, 44 (2) 17-Z3-. (3) 3.4-8; Building
Science Abstracts, Vol. 16 (New Ser.). No. 3, Abstract No. 198, p. 41,
March 1943

Soil temperatures correlated with vertical movements of a
cold storage warehouse and conclusions concerning design
of foundations for cold storage warehouses.

MULLER, S. W., "Permafrost or Permanently Frozen Ground and Related
Engineering Problems", 1945, U. S. Geological Survey, Special Report,
Strategic Engineering Study No. 62, prepared ior Military Intelligence
Division, Office, Chief of Engineers, U. S. Army, Second printing: Ann
Arbor, Michigan -- J. W_ Edwards, Inc., 1947, i31 pp. Reprint.

A comprehensive trearnent of ice and permafrost. Of interest
pertaining to normal frost action are: lag of ground tempera-
tures behind air temperatures; fundamental principles govern-
ing formation of ice in soil: freezing temperatures of salt solu-
tions; heat conductivity of soils; and swelling of ground during
freezing.

MULLER, DR. SIEMON W., "Construction of Runways and Buildings Under
Arctic or Subarctic Conditions". Commanding General, Alaskan Division,
ATC.

A letter to the Commanding General, Alaskan Division. ATC.
which points out conclusions and recommendations as to the
various methods of construction on perm-afrost. Also out-
lines a set of tools and the zcope and plan of the study of
permafrost for use by field men.

PARADIS, ALPHONSE, "Foundations and Protection RAg.inst Frost Hfeav-
ing". The Canadian Engineer, VoL 67, October 1934, pp. 21-Z4

A dezcrivtion of field experiments ivolving the use of 'sand
cushions' up to 12 in. in depth and, a discussion of the use of
'sand cushions' as bases under roads to prevent frost. !Leaving.
The use of sand is advocated because "....t has a much lower
thermal conductivity than-any other road building mate::ial'.

PLUMCMER, F. L. na 4 DORE, S. M., '"Sol mlechanics and Ioundations",
Pitman Publishing Corp., 1940

Heaving of highway slabs, ice segregation, ifect of texture,
effect coi -.olloidal material, movement of water to form ice
crystals, effect of con-3olidation, effect of water table level,
effect of su.z1ace load, unfavorable subgrade conditions, thaw-
ing of frozen soil, frost in foundations, typical frost heaving
example, an,& prevention of Lrost heaving.

POPULAR SCIENCE_ MONTHLY. "Revolf. of the Earth: Per-irafrost Tests

1z-genuty of Arctic Builders", PopularScienceMonthly,Vol. 149, pp. 126-?.



F November 1946
Difficulties of building in permafrost regions.

WAR DEPARTMENT, 'Piles and Pile Driving", Technical Bulletin TB
ENG 32, 3 July 1944

Thi s bulletin contains information on standard and excpedient
Pile-driving equipmnent; preparation and driving of piles, and
load capacity of piles and required pile lengths. Both hasty
construction of temporary structures and deliberate construc-
tion of carefully planned and well dcsigned structures are dis-
cussed-

WAR DEPARTIMENT, "Construction of Runways, Roads and Buildings on.
Permanently Frozen Ground", War Departmient Technical Bulletin TP
5-255-3, January 1945

This bulletin presents the best information now av'ailable on.
reconnaissance, design, construction, and maintenance for
successful work in areas where Permanently frozen ground
exists- (This bulletin is being revised.)

e. %CONSTRUCTION MATERLALS

-A'MERIC-AN CONCRETE INSTITUTE, "Recommended Practice for Winter
Concreting Mlethods (ACl 604-Ag)"', Journal of !the American Concrete
Institute. Vol. 20, No. 1. September 19428 (ACI Prrceedings Vol. 45). p.

TPhis-ACI Stand-ord establishes standard methods of cold weather
- -~ concreting for thin sections and mass concrete. Heating of

material--, accelerators and anti-freezes. curing and tempera-
ture records during curing, subgra-ie (or base) preparation,
protective coverings dur ing curing, and for mremoval are dis-
cussed for both types of job, and preferred methods are indi-
cated. An. appendix entry outlines objectives of the special
winter methods with background material -which indicates the
"w14hy" of some of the recommended a ractices. Charts in. the
appendix indicate effect of curing temperature on concrete
strength, and a list of 135 selected references to periodical
literature on -winter- concreting methods is included.

COLLINS, A. R., "The Destruction of Concrete by Frost", Journal of the
Institution of Civil Engineers (London), Vol. 23. INo. It, pp. 29-41, Nove-m-
ber 1944; Highway Researc h Abstracts, No. 1 16. p. 5-7. January 1945;
also in American Concrete institute Journal, Vol. 16, June 1945 pp.
726-27, and in Concrete and Construction Engineering, Vol- 39, April 1944,
nn. 10-107

M.easuremnent, of total volume of w.ater in concrete by the
dilatometer method; determination of volume change'-
temper-ature relationships on freezing; and discussion of t!he
mechianism of fAihl.-e of concrete during freezing as corn-
pared to soils.

CONNERMAN, H. F., "Tests of Ccret-ts Containing Air-Entraining
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* Portland Cements, or Air-Entraining Materials Added to Batch of Mixer;
Vinsol Resins and Other Materials", American Concrete Institute Journal,
Vol. 15, June 1944, pp. 477-507

HANSON, W. C., "Influence of -Sands, Cements and Manipulation upon the
Resistance of Concrete to Freezing and Thawing", Journal of the Ameri-
can Concrete Institute, Vol. 14, No. 2, November 194Z, pp. 105-123

H-AZEN, ALLEN, "Some Physical Properties of Sands and Gravels". 24th
Annual Report, Massac-husetts State Board of Health, 1893

JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY, BRITISH, "Prob-
lems of Porous Bodies and Their Behavior as Building Materials", VoL 53,
28 December 1934, pp. 379T to 402T

MICADAM, D. jL JR., et al, "Techlical Cohesive Strength of Some Steels
and Light Alloys at Low Temperatures", American Society for Testing
Materials, Proceedings, Vol. 44, 1944, pp. 593-624

MOADAM, D. J. JR., a.nd I.MBS, R. W., "Technical Cohesive Strengt, and
Other Mecha'ic al Properties of Metals at Low Temperatures", America-
Society for Testing Materials, Procee-iings. Vol. 43, 1943, pp. U1-703;
704-06

MCCOY, W. 3.. "ObLaining Concrete Resistance to Freezing and Thawing
by Adding Vinsol Resin at the Mixer", Roads and Bridges, Vol. 8Z, July
1944, pp. 48-49

MEISSNER, H. S.. "Laboratory Freezing and Thawing Tests on Concrete
Containing Various Air-Entraining Agents", American Concrel nst!.-Ute
Journal, Vol. 15, June 1944, pp. 517-522

X-EYk , E. V., "Cell Concrete", 25 Years of Civil Enginrurng., Chrishtar.i
and Nielsen, New York. N.Y., 1904-19Z9, p. 139-153

Cell concre-te insulation -- a discussion of the rnanufactur.' a- -
use of cell concrete, using the foam.. compound developed bn-
Christiani and Nielsen.

NORGAARD, H. "Long-Distance Heating Systems Insated wit Cell Con-
crte", 25 -ars of Civil Engineering, Christmn and -NUelsen, 1_404-19Z9,
nfl. 154 and15

PEARCE, E. E., "Methods and Cost of .awing Frozen Gravel by Means
of Cold Water". Engineering ar- Contracting, VoL 57, 15 February 1922,
pp. 157-8

POWKERS, T. C., "Woring HyWesi for Further Studies ofFrost Resis-
tance of Concrete", American Co-c-ete In -titue Journal, VoL 16, Febru-
ary 194, pp. Z45-ZZ

B-OADS AN-ID BRIDGES, "Effect o Freezing ari Tawing on Conaete Pave-

tments", Vol 84, anuary 194.6, pp. 65-68
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ROWLEY, F. B., et al, "Thermal Conductivity of Insulating Materials
z at Low Mean Temperatures", Refrigerating Sngineering, Vol. 50, December

1945, pp. 541-44

STONE, I. F., "Insulation for Low Temperatures", Engineering Refrigera-

ting,Vol. 46, July 1943, pp. 31-37

U. S. DEPT. OF INTERIOR, "Concrete Manual", Bureau o! Reclamation,
Denver, Colorado, Octobor 1942

U. S. DEPT. OF INTERIOR, "Thermal Properties of Concrete, Boulder

Canyon Project, Final Reports, Part VII -- Cement and Concrete Investi-
gations, Bulletin I", Bureau of Reclamation, Denver, Colorado, 1940, p.

z i154.

WALKER, S.. "Freezing and Thawing Tests of Concrete M-cde with Differ-

ent Aggregates " , American Concrete institute Journal. Vol. 15, June 1 94,
pp. 573-77

WOODS, W. H., "Resistance of Concrete to Freezing and Tha--ing*", Con-
crete, Vol. 48, No. 5, May 1940, p. 8.

f. DRAINAGE

EL.SWORTHC.E.andDAVENPORT, R. W., "Surface Water Supply of me

Yukon-Tanana Region, Alaska", Water Supply Paper 34
Introductioh includes scope of investigation. General features
of area -- geology, geography, climate, vegetation (includling
map) covered. measurement of stream flow, methods of unity,
accuracy, tables, and description of miin drainage areastz in-
cluded. Runoff data for various creeks In vicinity included in
tables. Yukon River drainage basin -- bounded by Pacific
vents on south, Rockies on north, stream meanders to'crards
west irom Canada through Alasa for 2,000 miles. Above
Eigle River, it flows s-Aiftly in one channel, then near For-
Yukon it enters Yukon Flats (200 miles), then at function c-
the Tanana, it flows through Rampart Rapids (IO0 miles).
then IJo,;u miles c meandering river through a channel about
2 miles u-ide. Forty Mite River drairage basin -- fans-haed-
area 100 mWes in largest dimension, rugged mountains- prom-
inent feature is Cx-e terrace arrang-ements in valleys. Ml-ission
Creek -- assy.merrical basin can-!&-Zim g high gzadienis. Sev-entr

Mile River -- ign gradtent, benches are prevalenL Birch
Creek -- for 60 miles it is co-nfi-d, Maintains a fairly rapid
flow, then for 100 miles i meanders in Yukon Flats about
-1 O-ZO miles from Yukon River. Beaver Creek -- good gr.dient
in foothi-.lls, then it e.- x-ders in Yukon Flats. Tanar-,Ri-er --
an asst-n:-et.ical vaiey cut by glacier-f-d streamns f.orn Alaska
Ranze, fairly broad -alley. T olrh- River -- is in a n-rrow
-alley {3 mils ac head, then iz pemn abruptly a-:

v.alley 0 il-es) at co-fluence 6i forks, then on leaving fovt-
hills it enters deep ch.nnel on allu-ium-,, very low gra-dient,

.-
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deeply buried channels, cutting into older terraces and deposits.
Streams seem to be in cycle of rejuvenation, i.e., islands in
Yukon Flats are not growing but are being weathered and dissi-
pated. Other material on igneous rocks, intrusives, geologic
history and economic geology, placer deposits, hillside, val:ey,
older alluvium, placers covered in remainder of report.
References scattered through report. Geologic map included.

MOFFIT, F. I., "Geology of the Slana-Tok District, Alaska", U. S. Geolog-
ical Survey bulletin 904, pp. 54

Discussion of area is covered (geographic) by previous work.
Contains inlormation on :relief, drainage, transportation, vege-
tation. Geology of consolidated (schists, igneous rocks, sedi-
mentary) and unconsolidated deposits (glacial, alluvial, col-
luvial) is given. Extensive glacial deposits are in area. No
preglacial deposits in evidence, Slang River shifts its channel
over wide flod plain -- moraine still occupying most of
valley to about 400-500 ft above river, kettle Kame topography,
ponds, lakes numerous; seine karats relatively dry but moist
soil in base -,.es luxuriant growth of grass. .Morainal de-

posits occur elsewhere but not as conspicuously as in this
valley. They occur especially ;vhere they are covered with
trees. High gravels found at various levels to 2,000 ft above
stream. Low benches occur on almost all streams. Descrip-

tion of placer and lake deposits follows geologic data and
history. Geologic map of area included as well as some sketch
maps and photographs of area,.

MOTL, C. L., "Curing Minnesota Frost Boils by Drains", Engineering
News-Record, Vol. 106, No. 7, pp. 270-2, 12 February 1931

Discussed are definition and description of frost boils:
primary and secondary condi.ions contributing to frost boil
occurrence; depth of' frost penetration; and remedial excava-
tion, backfill and/or drainage measures and results in prac-
tice.

E PARVIS, MRLE, "Regional Drainage Patterns", Thesis, June 1947, Purdue
University

This is a very complete paper on the various sections of Indiana
covered and also contains much important material on general
air-photo interpreta~ion. General survey of previous history of

aerial photography, including material on color, importance of
drainage patterns, and the. classification and significance, is
discussed. Then general air-photo interpretation is discussed
with particular attention to land form, drainage pattern, ero-
sion features, soil color, and vegetative cover and land use.
Origin of stream syst.ms in varlous types of material is dis-
cussed. Important mate±'ial on drainage pattern types is includ-
ed. Description of the various types (18 in all) are given to-
gether with a sketch of each type. Dendritic patterns, being
the most widely spread, are discussed further in another chap-
ter and additional sketches are included to demonstrate them.

76
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Remainder of report is concerned with the physiographic units,
drainage characteristics, and drainage maps of Indiana. Numer-
ous photographs included as well as an extensive bibliography
(100 titles).

SEELEY, W. L., "How Rains, Cold Weather, Poor Soil Conditions were
Licked at Gustavus", Pacific Builder and Engineer, Vol. 51, No. 4, April
1945, pp. 48-54

An article on grading, drainage and paving methods which
successfully solved unusually toligh problems encountered in
building an isolated airport in Alaska's rain belt.

fSPENCER, W. T., "Subsurface Drenag. in Highway Engineering", Pro-
ceedings, Purdue Conference on S Mechanics and Its Applications, July
1940, pp. 402-410

Discusses problems in general, including factors which affect
flow of drainage of ground water, design of subsurface drains,
etc. Discusses additional studies on drainage, properties of
soils -- mentions studies being made at Purdue or. permeability
of soil.

THE ENGINEER SCHOOL, "t Airfield Construction -- Airfield Drainage",
Instructor's Manuscript, July 1943, p. 12, Fort Belvoir, Va.

Discusses drainage problems, including subsurface, frost
action and drainage structure.

THE ENGINEER SCHOOL, "Military Roads -- Drainage Structures and
Subgrade Preparations", Instructor's Manuscript, p. !1, May 1941, Fort
Belvoir, Va.

Describes basic principles of drainage work for military road
construction.

WAR DEPARTMENT, "Subsurface Drainage Investigation 1945-1946, Com-
prehensive Report", September 1946, Corps of Engineers, Boston District

The purpose of this report is to summarize and correlate the
theoretical studies, laboratory model tests, test results from
four full scale field test sections and the data obtained from
existing airfield drainage installations during the fiscal year
1945-46 and to present design criteria determined therefrom.

g. DRILLING AND TEST PITS

GOODELL, B. C., "Soil Boring Tool for Frost Depth Determination",
Journal of Forestry, Vol. 37, No. 6, June 1939, pp. 457-459

An illustrated description of a small diameter boring tool
(soil tube) for determining depth of frost penetration.

HVORSLEV, D. M. JUUL, "The Present Status of the Art of Obtaining
Undisturbed Samples of Soils", March 1940, Harvard University, Cambridge,
Mass.

This report is divided into two main parts. In the first part
is given an analytical review of the character and influence of
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the various types of disturbance to the soil sample and of =,he
problems encountered in securing such samples with a minimum
of disturbance. The i-econd part contains a comprehensive ke-
view of the methods and equipment corrently used to obtain un-
disturbed samples of soils in this country and abroad. Bibliog-
raphy.

MONTGOMERY, R. H., "Precise Levelling on Alaska Highway", Transac-
tions, American Geophysical Union, Vol. 29, No. 1, February 1948

This paper presents the history of precise vertical control
in Alaska and the Yukon; discusses particular problems en-
countered in bench mark construction and description when
working in the northern latitudes; aid comments on the evi-
dence indicating regional earth movement.

THE ENGINEER BOARD, "Memorandum Report on Methods of MakingfBor-
ings and Taking Samples in Permafrost", Memo Report, Fort Belvoir, "Vir-
ginia

WAR DEPARTMENT, "Wen Drlng Machine, Rotary-Type, Skid-Mounted,
Gasoline Engine-Driven, Failing, Model 314 -- Preparation for E.port*,
Technical Bulletin TB 5-2024-1, 4 December 1943

Tnis-bulletin covers general information on the preparation
of the machine for overseas shipment. Contains photographs
of the machine.

WAR DEPARTMENT, "Well Drilling", Technical Manual TM 5-297, 29
November 1943

This manual covers the development of groundwater sources
for military use. It includes detailed construction methods
for the important types of wells and gives advantages and
limitations of each type. Wells are classified into types
according to method of construction as dug, bored, jetted,
driven and drilled. Drilled wells, the most important, are
covered in greater detail in this manual than the other types.

h. EQUIPMENT AND METHODS, LUBRICATION

GOODELL, B. C., "Soil Boring Tool for Frost Depth Determination". lour-
nal of Forestry, Vol. 37, No. 6, pp. 457-459, June 1939

An illustrated description of a small diameter boring tool
(soil tube) for determining depth of frost penetration.

THE ENGINEER BOARD, "Report 868 -- Demolition and Exploratory Drill-
ing Tests with Model 43-S Airborne Rotary Well-Drilling Machine", 18
September 1944, Fort Belvoir, Va.

U. S. WEATHER BUREAU, "Circular Q, Pyrheliometers and Pyrhelimetric
Practice"

WAR DEPARTMENT, "Preventive Maintenance Services -- Well Drilling

Machine", Technical Bulletin TB 5-2002-1, 10 January 1945
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Discusses before-operation services, during-operation services
and after-operation services.

4 WAR DEPARTMENT., "Snow Tractor, Snow, MI: and 1-Ton Snow Trailer
M19", Technical Mani'al TM 9-1774, 17 April 1944

4 This manual contains a description of, and procedure for dis-
assembly, cleaimng, repair and assembly of the auxiliary trans-
mission, tracks, steering gear, etc.

WAR DEPARTMENT, "Wheeled-and Hall-track Vehicles.: Engine Sludge
Formation in Low Temperature Operation", Technical Bulletin TB ORD 28,
3 February 1944

Experience has shown that cold weather or intermittent vehicle
operation are particularly conducive to sludge formation and
excessive wear. In order to reduce cold weather sludge and
engine wear, it is absolutely essential that the cooling system
temperature be raised to a minimum of 1400 F as soon as possi-
ble after starting.

MWAR DEPARTMENT, "Cold Weather Lubrication and Service of ombat and

Transport MateriaP", Technical Bulletin TB ORD 126, 19 July 1944
The purpose of this bulletin is to augment Lubrication Orders
and Technical Manuals. The instructions given herein apply

- - only at temperatures ranging between 0*F and -65 0 F.

WAR DEPARTMAENT, "Questions and Answers Pertaining-to Cold Weather
Clothing", Technical Bulletin- TB OM 3, 28 January 1944

A bulletin of questions- and answers concerning clothing and
equipage necessary for cold climates.

WAR DEPARTMENT, "Use of Road and Airdrome Construction Equipment,
Technical Manual TM 5-25Z, January 1945

WAR DEPARTMENT, "Principles of Cold Weather Clothing and Equipment,
Technical Manual TM 10-275, 26 October 1944

This manual deals with all L-iportant items of clothing and
equipment used in cold climate.; and in the mountains. Not
everything in the manual is issued to each man or to each
unit but all specialized items which are issued to an. individ-
ual or to a unit should be checked against the appropriate
section in this manual.

WAR DEPARTMENT, "Laboratory Soil Testing Set No. I and Expedient
Tests", Technical Bulletin T 5-253-1, June 1945, Restricted

This bulletin describes the la!oratory soil testing set No. I
and it use for exploring and testing soils for airfields,
roads, and shallow building foundations in theaters of opera-
tions.

i. FORESTRY, AGRICULTURE, AND VEGETATION

ARCTIC, DESERT AND TROPIC BRANCH, "Handbook of Alaska, Informational
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Bulletin No. 18", April 1945, AAF Tactical Center, Office of Assistant
Chief of Air Staff, Training Aids Division

General-description of Alaska including topography, drainage,
inhabitants, travel, climate, vegetation, animals, birds and
fish. To be used in conjunction with the Pocket Guide to
Alaska, prepared by the Special Service Division, ASF, the
Arctic Manual (TM 1-240).

BELOTELKINI K. T., "Soil-Freezing and Forest-Cover", Transactions,
American Geophysical Union, 1941, pp. 173-5, Pt. 1

Depth of and time of soil freezing anc rapidity of thawing
as related to type of forest cover; effect of snow cover,
forest litter, natural internal soil drainage and soil texture
on frost penetration.

DAUBENMLRE, R. F., "Plants and Environment, A Textbook of Plant Aute-
cology", Tohn Wiley-and Sons, Inc., 440 Fourth Ave., New York 16, NY, 1947

Autecology is a study of the interrelations between the individ-
ual and its environment. The environment is essentially those
phases of climatology, botany, geology, soils, zoology, chemis-
try and physics which are more or less concerned with the
development and growth of the species. Thus, environment is
a composite of many factors which influence plant growth. The
author groups these factors into 7 major categories: (1) soil;
(2) water; (3) temperature; (4) light; (5) atmosphere; (6) fire;
and (7) the biotic factor. in boreal America, which abuts the
Polar Region, temperature is often the controlling factor de-
termining whether or not-a particular species is established " -
on a given site. Thounhout the forested interior of Alaska,
the minimum moisture requirement of certain species is
generally a contributing factor delimiting distribution. The
sections of this text pertaining to soil, water, temperature and
the environmental complex are -most important.

GRIGGS, R. F., "The Forest Limit in Alaska", Geographical Review, Vol.
24, 1934, pp. 652-3

This is a review of Mr. Griggs' artictes: "The Problem of Arctic
Vegetation" published in G. Washington Academy of Science, Vol.
24.pages 153-175, 1934, and "The Edge of the Forest in Alaska
and the Reason for its Position", published in Ecology, Vol. 15,
pages 88-96, 1944. The reviewer says the arctic timber line
(coniferous forest), one of the chief vegetational boundaries
of the earth, is of "fundamental importance from every point
of viev". On the Alaska Peninsula, the forest which ends at
Kodiak is 250 miles south of the ikotherm; east of the McKenzie
it is nearly 150 miles in advance of the isotherm of 10°C (50°F).

GRIGGS, R. F., "Timber Lines as Indicators of Climatic Trends", The G.
Washington University, Science, Vol. 85, No. 2202, Map, 1937, pp. 251-
255. (Note: Science is published by the Science Press, Grand Central
Terminal, New York, and is the official organ of the American Assoc. for
the Advancement of Science, membership in which is attained through
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the Sec-etary of Smithsonian Institute Uldg., Washington DC.)
The important points contained in this article are as follows:
"The forest is advancing n Alaska. Petrof in 1884 and various
U.S.G.S. explorers have noted the advances in western and
northern Ahska. The most easterly point at which an ad-
vancing timber line has been definitely reported is at Wise-
man, latitude 67030 ' , longitude 1500. by Robert Marshall .......
No fossil pollens except an occasional grain wei,. found in
bogs at Kodiak by Dr. Paul W. Bowman (Ecology, 15:97:100,
1934). The general belief among botanists is that tree growth
is limited by the isotherm of 100C (50 0 F.A. In southwest
Alaska .ne isotherm stands 250 miles beyo'4 the edge of the
forest. Now there is a plant migration: apparently the climate
of Alaska has become mild so recently that fhe trees haven't
been ablc to keep .1p with the change and o;cupy-the terrain
suitable for them. The advance is slow, at Kodiak one-mile
per century, on account of the fact that the ground is thickly
covered with vegetation whici. chokes intruders. The advance
in northwest Alaska is pro' 'Ay 1-10 mile per century." It
was noted that Canadian v.zite spruce is on the m.ainland of
Alaska and that Sitka spruce is the conifer which has advanced
as far as Kodiak.

HALLIDAY, W. E. D. and BROWN, A. W. A. "'The Distribution of-Some
Important Forest Trees in Canada", Ecology, VoL 24, No. 3, 1943, pp.
353-373, published by Dominion Forest Service, Dept. of Mines and-Re-

sources, Ottawa, 0., Canada
This paper presents maps showing the distribution of 20 forest
trees in Canada, not only the boundaries of their range but
also by contours showing population intensity (of the particular
species) within this range. Methods and techniques employed in
this survey are discussed in detail. Canadian forests are divided
into four major biotas: (1) mixed eastern; (Z) western mountain-
ous; (3) boreal or northern; and (4) coastal. Of special interest
is the boreal forest which is centered in the Yukon Valley. Indi-
vidual species discussed include white spruce, black- spruce.
• amarack, aspen, balsam poplar, paper birch, lodgepole pin-,
and alpine fir. (With the exception of-the last two species, all|of
these tree6 are common in the permafrost zone of Alaska.) Some
plant geographers say that both lodgepole pine and alpine fir -

occur near he Alaska-Canada boundary line and possibly extend
into Alaska proper in the vicinity of the Alaska Range. Special
emphasis is placed on the effect on olant distribution produced
by the major glaciations. The northern limits of various tree
species correspond strikingly with the July isotherm. Other
factors contributing to tree distribution include occasional refer-
ences to soil and moisture conditions, seeding habits of the
particular species, and the effect of forest fires and logging
operation-,. Biblio raphy of 25 papers is included.

HALLIDAY, W. E. D., "A Forest Classification for Canada", Forest Ser-
vice Bulletin 89, 50 pp., 1937, Dominion Forest Service, Lands, Parks and
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Forest Branch, Dept. of M-ines an~d Rlesources. Ottawa. Canada (Pirice 35~.
Canada is divided into 3 broad Climax Formations, the ultimate
v.egetative cover for a given region. The general divisions are
(1) Arctic Alpine Tundra Formations, (2) the Forest Formation,
and1(3) the Grassland Formation. The widespread nature of the
Forest Formation and the varying characteri stics and responses
to climate of the dominant species in a particular area render it
neces-4ary to acknowledge major cover types within the general
Forest Form-ation. The author recognizes 8 Forest Regions in
Canzda. A brief description of each of the regions is presented.
Of special interest is the B~oreal Forest Region as all of the
Permafrost Zone in Canada falls in this region. A complete check
list of tree species occarring in Canada and a bibliographny of
39 references is included.

MERRITT, M. L-.,"Notes on the We_,tern and Northern Distribution of Tree
Growt-h in Alaska", Forest Service Paper, 193!, from "'Forests of Alasha',
U. S. Dept. of Agriculture Pamphlt

Discusses the effect of climate on tree growth quoting various
authorities, rnakingreferences to notes on #trees Planted by the
Russians in 1805 at Dutch Harbor. Table I gi-ves temperature
and forest cover data rega-rding various Al1aska localities as
prepared from do-ta. obliined by the U. S. Weather Bureau.

N1IKIFOROFF, CONSTAINTIN. "Pervetua 1 v Frozen Subsoil of Siberia-.
Soil Science, Vol. XXV11, No. 1. July !1928, pp. 1--1 9

-This article discusses the location, thickness, and temperature
of permafrost, particularly in the vic;nity of Yakutsk. Russia.
The well of Shergren at Yakutsk is stated to be 3182 feet deep
and the temperature at the bottom to be 30 .A i-nothesis
as to the origin of perymafrost is discuSsed. It is Pointed ou:t
thai the climatic, conditions resulting in excess of cold may
cal~se-he permafrost. The other theoryv points out that perma-
frost may have been. caused by glacial action. It is Pointed ont
t.W' agriculture by ihe Yakutshas been successful in szpite of

z ~ the fact that the growing season is only, one hundred days long.
Of course, -ining the growing 5eason, the sun shines from 21
to 22 hours per day. Dairyinga is the principal agricultural
pursuit. -A series of maps and ggralihs illustrating the author's
dissertation e.re included.

PALMER, LAWRENCE 3. and ROUSE, CHARLES H-, "'Study of the Alaska
Tundra with Reference to It Reaction to Reindeer and Other Graxing", Re-
search Report 10, Fish and Wildiffe Service, U. S. Dept, of Interior, Wash-

ington, DC, 1945, 48 pp. (price 145 cents)
The tundra t egion of Alaska varies fi width from a few miles

t200 miles along the Bering Sea and fromr 100 to 15.3 milesulong the Arctic Ccast. Vegetation cover typsarlrgl
sedges. grasses, lichens, heat-hs, and procumnbent woody plants.
The authors list 16 distinct vegetative types in the repori. A
map showing the approximate distri-bution of tundra is included.
Adetailed list oi paanta occurring in the tundra regions includes
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20 grasses, 25 sedges andreeds. 200 herbaceous plants, 25
woody plants, 40 mosses. and 40 lichens. Throughout the pape,
emphasis is placed on forage value. alt-hough occasional references
arc made to sail, moistare and frost conditions, land forms arid
climatic influences which are of special interest.

RAUP, HUGH M.. "Botanical Problems in. Boreal America I and 1"
The Botanical Review. Vol. 7. No. 3, pp. 148 to 208. Marcth 1941; Vol. 7, No.

4,pp. 209 to 248, April 19141
The author emz.phasizes the difficulties encountered in attempt-
ing to classify forests or to present log-'Cal arguments for the
existence of a TArticular plant association in a given location-
This paper is princial aeview of literature o prxmtl
250 papers and a statement of the auT-hor's opinions of ihe other
investigators' concepts and -methods. The general theme of agree-
ment throughout the paper isthat much of te arctic and' subarctic
vegetation is in a state of flux and still far from a state of
equilibri&umn. A short section of the6 paper is devoted to a dis-
cussion of stone polygons. Briefly, in order to have stone
polygons, no vegetation can he presen:t during their de velomrrent-
Thns, if both. stone polygons and vegetation are prc:;ent:I the vege-
tative cover is comparatively :Pecent- Mapping of vegetation by air
enooas and the construction of cov.er- t.--_e maps from.r ai-- photos is

* discussed. A cornolete list of references5 fo- detailed c11=matic
conditions in various parts of Canada is given.

ROTHROCK, 3- T., "Sketchi of the Flora of Alaska", U- S. Smithsonian Mc-
seum Report, 16-,pp. 4335 -463

This article apparently is based on early explorations imxnedi-
atel::v subseoyent to the acquisition off Alaska by the United States-
Although there are some interesting ref-rences, undoubtedly m-ore
recent publicati-ons givre greater- detail as to the 1lora of Alaska.

SHARP, R. P., "Ground-Ice Mou-nds in Tundra"', Geographical Beview, VaL
3Z. No. 3, 194Z

Description of groard-ice mtounds in Wolfl Greek~ region, Photo-
graphs and cross-sectional sketches included. M-1ode of origi
discussed mav be due to h-ydrauli'c oresure or of Porsl;ld's
"upheaval" type, definitely not entornbed ice bhecause of surface

indications of upheaval. Discussion 61f cycles Obsezved in the
development of i-ce m-ounds and their relation to the tnra
topography produced, knobs and depressions moore or less
mantled by vegetation Containe'd in- report, Ground-ice mo"-das
should be considered along~ with solifluction, frost-heaving and
"Palsen" formation in the developmrent off tundra topography.-

SPURR, STEPEN H., "Aerial Photographs in Forestry". The Ronald
Press Co., New ' ork, 1948

Although the basic thecry of the application of photographic
toechniques to forest intventory was first worked out by Euro-
pear. investi~zators in 19Z5, Canadia- foresters have enmployed
ia~r Photos for timber cruising on a large scale sin ce 1929. it
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was 3t until World W'ar U that the uze of aerial photographs

in forestry was serioasly undertaken in the United States.
This book, written a y a forestry professor at Harvard, is
intended essentially a- a text for qdvaneced forestry students
having a knowledge of the fundamentals of silviculire and
mensuration. A considerable portion of the nublicaton i
devoted to techniqje and methods of -hato-interpretation ap
plicable to forest napgement which isof interest only to a
trained foreste. However, chapters !w the elements of
photograrnmetry, techniques and principles of photo-
:nterpret lion, and-especilly a detailed discussion of photo-
gr -. specifications are of definite value to air-photo inter-
premers in a--y field--

TAYLOR. RAYMOND F., "'Pocket Guide to Alaska Trees*,. Miscenaneous
PAlic&tion No. 55, U. S. Dept. of Agricultme

Tlhrnc general types -of vegetation occur - spruce, birch forest
of interior; nonforested tundra of Arctic and Bering Sea slopes;
dense hemlock, spruce forests of coast. Coastal forests -- ex-
isting on Paciiic side of Alaska Range frmsoetheastern_ tip to
Kodak, co- ains 70 ;ercent hemlock, 25 percent spruce, i per-
cent cedar, and others Interior forests -- existing in rivers and

, in-spruce-birch. bounded south by Alaska Range.

north and west by tundra, aud grasslands. Nonforesied areas -
grasslands occur on Alaskan Peninsula Aieutic'n Islands, south
slpes -of A:aska Range. Tundra over vast section bordering
String Sea and Arctic Ocean north Of Brooks-Range. Two p.ges
used- in brief identification of leaves followed by 27 pages of
description cd frees -- bark, wood, leaves,-etc. and location
PictL-es of leaves and cones inclied. Map accoma ynin re-

port shows general location of trees -- scale: l-5,000.000.

TAYLOR. R. F.., "Yield of Second-Grout-Western. lienlock-Silk Spruce
- Stds in Southeastern Aia~ka". Techical Stillet:in No. 412, Ma-rch 1934,

U. S. Dept. of Agriculture
A bulletin on the forest cous of southeastern Alaskai Give- the

results of a study, 4roi and yield of even-aged, nornially
stocked, second-growt stands. The data for Me study were cb-

tained on 288 sample plots, varzying in size from one-tenth to
one acre, laid out in represevative young forests. Eoch plot

comtinied from 150 to 300 trees.

TOUMEY, 3- W. and KORSTAN, C. F., "Foundations of SilvicuLttre upon
an Etolcgicai Basis",? ad Fd-itiwA Revised, 1947, lohn Wily and Sons, New
York

This Volume is divided into three Paz- Part I -- F -irooent
of Forests; Part I - InfEluece of Forests on their Enviroment;
n-z il - Forests, which includes the basic concepts of plant
growth, form and life of forest fr-ees. Tb. following chapters
are of special interest with regard W permafrost tdies: U -
Solar Radition; m - Air Temperature; V - Climate; VI --
Soil Conditions; VII -- Soil Moisture and Its Inluencae on Forest
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Vegetation a Physiographic Conditions; !X Bifotic
Factors; XVI Forest Vegetational Units and Their Classi-
fication; XIX -- Origin ind Developvxent of Forest Communities.
A bibliography of over 600 references is included.

U. S. DEPARTMEVTOF AGMCULTURE, "The Fsrests of Alaska", I July
1944, Forest Service, Aaska= Region

This pamphlet describes the national forests of Alaska. i-
-luding nier power and agriculture, a4d home sites. A map
showing the forest zones of Alaska is included.

U. S. GEGLOG1CAL SURVEY, "Phot Interpretation of Vegetation in the - -

Tropical Pacific Area and its Use as an Indicator of Kind of C-rovnd",. En-
gineering .Notes No. 20, August 194. prepared under direction of Office.
C -ef of Engineers, Military intelligence Dvision, Rstricte

This paper is a compilation of such infrorntation oit tropia
Pacific forests and cultivated crops as may be of military
Value, particularty to engineers. -he illustrations incluae
aerial photographs of most of the described vegetatk- types;
T-ese are mounteed by pairs so teat they can be stadied under
the stereoscope.

J GEOLOGY, GLACIATION, GEOMORPHOLOGY, PETROGRAPHV, OIL
RESER3VES

Bl-ACK, ROBERT F. and BARKSDA1.E. WILLAM L-, "Pera-frost Pro-
gram-n Progress Repori No, 5, Terain am! Perma-frost, Uniat Area,
- !aska"**, September 1948, Militay Geology Section, U_ S. GeologitVSur-
nwy in cooperation with Res&earch and Analysis -Branch, engineir- Intefi-
gtce- Divisio n, Offce Chief of Engifieers.

This report describes briefly te topography, drainae. c mate
vegetation, ge~lcgy-. permaf rost and hydrology in1 the Urniat area
of northern Alaska. -T*o terrain uits, the flood plain of- the
Coxvile River and the bedrock hills of the Arctic plateaus, are
discussed in relation to material, vegetation, pernafrost, and
construction considerations. Flood-plain deposits of the C olille
River in the Uniat area consist of lenticular bars of silt, sand,
and gravel forMeU -long active channels, and muck and silt
deposits in alandoneC drainage channrls. Areas of coarse-
grained material, Favorable for airfield construction, are
scattered widely and their extent is limited. D'am-nage to the
old camp was caused by the thawing of ice and frozen muck
in an old lake basin. Part of the airstrip is slumping because
of the thawing of underlying ice wedges and frozen silt mhe
new camp is on a ravel bar and is relatively free -fro effects
of frost action- T.e permafrost conditions as described in
the-r-port are proebly similar to those of other areas in the
Arctic plateau-s of uon Alask--. Report ncludes-naps of the
Un-iat area, aerial photograph of Umiat area, mean monthly
n-axm. and minimu temperatures at Umiat, Unia t No. !,
test hole temperature log, and photographs o. the area.
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BLACK, ROBET F.. "Permafrost Pkogram, Progress Report No. 2. Per-

mafostInestgatonat Point Spencer. Ko-ska". U. t. Geological Srrve
!946

Report ont an investigation of the region! geologic aspects
of persmrost as related to military engineering problems.
particularly in regard to selecticn of air!ield sites, so
that ultimately, criteria can be established for the accurate
forecast of the problems and conditions which will be en-
countered in permaftrost areas of possible r l tary interest
that are inaccessible to grouznd reconnaissance. rhe ira-
mediate airm of t1he investigation at Point Spencer was to

deterine te gelogic and permafrost conditions with spe-
cial emphasis on groundwater.

BROOKS, A- H.. "The Geography and Geology of Alaska", U. S. Geological
Survey Professional 1aper 45, ;906

A -general -reconaissance of the geography and geolog of Alaska
summarizing al. information to 1906. An excellent report of
300 pages, including many photographis, maps, sketch maps
(geographic and geologic), and an- extensice bibeiagrnpanv on
Alaskan literataire to 1906. Drainage of all :region- L-s br-flly
discus-sed -- each sinal! area taken individually. Climatic
investigations are presented in a spzcial section (-55 pages).
Geology of all Alaska taken up by geologic periods with de-
tails on the Quaternary deposition and glacial erosion- Geo-

zlogic hstory and situdy of geomcp!hology are presented in
same detail. Excellent uhoto) -rapbs an d-any belnful sketchL
and reconnaissance mans are intLade.

BROOKS, A. H. "T'he Kougarok Region", U. S. Geological Survey Bulletin
323, 1908, pages 294-328

Area includes Bendeleben Moun'in or so-theasi. a low basin
to thle northwest of the mountains, and t the north the dissected

uplandA. BedrocYc is primarily schist an-d a crystalli; limnesion&
Alluviun, widely scattered, cansists of (I) gravels, sands, and
clay. underlying modern deposit ivalleys; ) kThe beat
gravels; and (3) the present stream gravels. Brief discusson
of geologic history including a sequeence of geologic events
that lead to present erosional featres is set forth. Author
then discusses in some detail the various gold placers, includ-
ing description of deposits; i.e., benches and valley fillings.

CAPPS. STEPHENy R.. "Geology of the Alaska Railroad Region", U. S. Geo-
logical Survey Bulletin 907, 1940

Describes geology and geography of a" area 140 miles wide and
450 miles long from north to south reaching from Gulf of Alaska
northward into Yukon Basin. Includes illustrations and maps.

CAPPS, STEPHEN R., "Glaciation in Alaska", U. S. Geologital Survey Pror
fessional Paper 170-A, 1931

A fiscussion mainly of Pleistocene gl,=iation in Alaska.
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CAPPS. STE~fZ M., Te Chisama-Wh"Ite -River D stric?,Aasn" .S
Geological S-rivey Bdttizn 630. 1916

*Described generalglog and geogra:t4-y of thais regizon wir.th
Snvra..ilutrtias m!mans.

- - -CA PPS, STPE L. nTe Ixamnti&7na Region, Ala-Sk", It S. Ceo!loginla
Sur-vey Bultin &St. 1919

This bu1leta coveert an are.A beuded hbr a-.e Alaskn Rng on
the sotthe Taa~River on !he not e Wenaza- River On
the east, and: te lower iNantiShn Miver on the- west te area
lies between the vilage of Neas- aind -24tt Mc-inley. Fild
Work --as done in- 1916. Tn-e geoa-ra and eloyof this ae
wtere underuake in 1916 because the ALaka Railroad -.- s bein-g

=ietfl daa~ to this are-a and it was anti-cinated that nining
actnw-- wtnul be greatly incr-easeL Co&l as wenl as gold,
Silver f~Aantrany W-a fcund..

* ' CONRAD. It, '4Po*vgon Nets am! r-t -vsio4  -eeima-." AnF ic
icral of Science, VoL-1 244 -o.. pp £ - 96 Anril 1946C

This caper isa s~vof stadies maeby the author -
1933 of a WeLl,-de veloped-- stone polywo actzt located zi the

stone pol.nms. less ZM 2 eters in diasene. desribe4 ~in this nraf- are =,t related to "soil polygnS i arcr
amce or ptscldevmelojrertI There are 3 Aiffer~ihyotheses
explaininmg r-ock polywgns The ahtowr fowre I--S H~--
ttnjttszes te whn force ofwas in ite- - M =ial sfam* ---
dervelopois- the mcesof an iarld& sot uzyo isi a
bar-e spot in a genetraW r~ch kftgoet-! erdsurface Thet
Line gamed soI Icia-) in the !$are spot exin-ans o rcig
resultings in differental& soritz of rnazeziazs acco-rding to size,
the larger Pan-ities being forcedZ tougar-s the perimeter off th*
bare spat. Withf recurrez! f reeiuigs. i I'e si.e ofr tae bare spot
llc-zttsS. 712e Zno nv-poth-esis by Nordemskjol Lcaw amd Gtipo
considers comnectoaal curren-ts inn A Z-am rmi case
teipentt-re difftrences-. The aut believes hs!nchssi

noto~t~" ie dee-Ionient of eh pof-on
.1z- he-

sirm heIple S!%t-tat the bask co a .o fr ims biit
requires V- MMLxI-g ratio Caf 60 per-cent lvtet arm! -40 percent

fin-=ld. The dlajey soils at the kocaiamof "-%e polygo met
described hr~ the a%=hor contained iekn avetrage snoitr con!-tx
of 35 cercent b05 -wmet The iast %raesis byStecae stresses
the fact, tkmt. those soils lieyto deiielo. stutue ave coLloid2
properties. Colloidal subsacs (betweca 10 and 1 fiii
c-rosm diameer) s-well When mimed with w-ater. The autho--r
considers colzocMal. swelling forces nnrctqy a secondary facw.-
He is of te ocinion East freigforces are m=%th =nre -
por-tant. A detailed- statistica analysis -Of field- nr-as--reCMats
of 3-- polygons is girez. An accz-ted frequezc mmaximum-- for

poi, 5on~ & itroanlsoccurs at 170 degrees. TIs it
a distinct te1nytorsteformation of equilateraera-
gons eists. Off the 3P4 jpolgou m-easured, 56 Percent 01 t legs
were between 311 to 111-0 cm long.. A' 'lligxapb of 28 efzecs
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is listed.

EAKIN, H. M., "The Yukon-Koyukuk Region, Alaska", U. S. Geological
Survey Bulletin 631, 1916

It is stated in this bulletin that "during the maximum glacia-
tion, the entire lower McKenzie Valley was probably ice
filled and that the mountains along the Peel River portage
show some evidence of glaciatiot up to 500 feet and possibly
1500 feet above the sea" -- Eakin quoting R. G. McConnel's
"An Exploration in the Yukon and McKenzie Basin" report.
A. H. Brooks is quoted as saying in "The Geography and Geol-
ogy of Alacka". U.S.G.S. Professional Paper 45, pae ?.84,
1906, that "in regard to the character of the Yukon Valley
between the mouth of the Tanana and theYukon P'iats that
this part of the Yukon Valley represents incised meande!r-
ing ...... ". The Yukon-Koyukuk region is about 12,000 sqttare
miles in area and lies between the Y-xkon and Koyukuk River-:
.vest of the Yukon Flats or approximately from longitude 1500
to 1570 west and from latitude 650 no-th to the Arctic Cicle.
MountainouG areas are a small part of the total area. The
largest mountainous area is about 2,000 square miles.
There is an unusually striking development of high-level
terraces and flat summits and passes in the mountains of
the region -- features of a type that is widely distributed in P
interior Ale.ska but whose origin has generally been regarded
as obscure. "Except on some of the creeks where the gravels
are permeated by circulating ground waters and near hot
springs, the-ground below a slight depth is permanently frozen
in place" to depths of 130 feet or more. Where snow accumu-
lates ii-. unus-al amounts, banks may persist until late in
summez or even throughout the season."

EAKIN, HENRY M., "The Iditarod-Ruby Region, Alaska", U. S. Geological
Survey Bulletin 578, 1914

This volume is the third report based on work inspired by the
discovery of gold in the Innoko district in 1906. In the pro-
vince extending from Ruby on the Yukon to Iditarod, surveys
seem to have established the fact that gold is associated in
this district with two distinct series of rocks. The report
shows that the bedrock sources of the placer gold of the dis-
trict include the igneous intrusives and the Cretaceous sedi-
ments at or near their contacts with the igneous intrusives.
Geologic conditions favorable to the occurrence of 4uriferous
deposits are repeated in many places in this part of Alaska.

EARDLEY, A. S., "Unconsolidated Sediments and Topographic Features of
the Lower Yukon Valley", Bulletin of the Geologic Society of America, Vol.
49, pp. 303-342, February 1938

Report contains important material, geologic and topographic,
on lower Yukon. Report locates gravel, sand, silts, and muck --

their origin is a problem, but some conclusions are stated. In
Eeneral, it appears in the most part to be fluvial but the silt a
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combination of fluvial and aeolian. Regional topography appears
as mature hills rising above lowlands. Much detailed material
on local topography presented. Valley shape', stream patterns,
stream re-entrants described. Mention of ice lenses, frozen
ground. Many good photos to illustrate features discussed and
to show general topography of region, many oblique air photo-
graphs. Sketches are used to demonstrate text and include
valley cross sections, general topography around stream, ex-
tent of glaciation in area. Bibliography includes many U.S.G.S.
references on Alaska.

ELIAS, M. M. and VOSBURGH, R. M., "Permafrost Program -- Progress
Report No. 1, Terrain and Permafrost in Galena Area", 1946, U. S. Geolog-
ical Survey, Dept. of interior, Washington, D. C.

This report is a study of terrain and permafrost in a part of
one of the large alluvial basins which characterize the topo-
graphy in central Alaska. The report describes the general
terrain of the basin, the relationship of ground and permafrost
conditions to topography, suitability of the terrain units for
constrtiction, ard criteria for interpreting the terrain from
ae.;-ial photographs. The report presents the results of field

investigation of two terraces near the Galena Air Base; the
suitability of the two terraces for possible airfield sites is
discussed.

FRY, W. H., "Petrographic Methods for Soil Laboratories", Technical Bul-
letin TB 344, January 1933, U. S. Dept. of Agriculture, p. 95

This bulletin describes in detail the fundamental properties
of light, the petrographic microscope, optical methods and
the application of methods.

HARRINGTON, G. L. and MERTIE, 3. B. JR., "The Ruby-Kuskokwim Re-
gion of Alaska", U. S. Geological S:'rvey Bulletin 754, 1924, 136 pages.

Bulletin 754 describes the geography, drainage and geology,
and other features of a mining region located south and west
of Fairbanks, Alaska extending from Euby on the Koyukuk River
River to the Kuskokwim Rivel,. The information was gathered
from 1896 to 1920 and combines all available information up
to the time of preparaticn of the report. It was prepared prin-
cipally to assist m-ining operations in the Ruby-Kuskokwim
region.

LEFFINGWELL, E. DeK., "The Canning River Region, Northern Alaska",
U. S. Geological Survey, Professional Paper No. 109, pp. 179-243, 1919

An excellent early treatise on ground ice -nd permanently
frozen ground. Included is a discussion of diffusivity of
frozen ground.

±vENDENHAL* W. C., "Geology of the Central Copper River Region,
Alaska", U. S. Geological Survey Professional Paper 41, 1905

Introduction reviews history of area. Gecgraphy of Chugach
and Wrangell Mountains, Alaskan Range, interior valley and
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Copper River areas is given. Geology introduced -- earliest
rocks are pre-Silurian vith Silurian rocks such as conglom-
erates, arkoses, shales, and schists. Sediments and volcanics
are Carboniferous or Devonian: Carboniferous greenstone and
lavas are present. Widespread Permian and Triassic marine

influence. Erosion then followed by Eocene sedimentation of
fresh water variety. Then post-Eocene uplift, out-pouring
of lavas, and Pleistocene silts, sends, and gravels. Descrip-

tion of formations together with so.ne excellent photugraphs
follow.

MERTIE, $. B. JR. and HARRINGTON, G. L., "The Ruby-Kuskokwim Re-
gion, Alaska", U. S. Geological Surv-.y Bulletin 754, 19Z4, p. 136

Describes the general geology and geography of the region.
Includes several illustrations and mars.

MERTIE, j. B. JR., "Mineral Deposits of the Ruby-Kuskokwim Region,
Alaska", Geological Survey Bulletin P64-C, I q3 6

This bulletin discusses the geography and geology in connection
with the mineral resources of the Ruby-Kuskokwim region in
west-central Alaska between the Yukon and Kuskokwim Rivers.

MERTIE, J. B. JR., "Geology of the Eagle-Circle District, Alaska", Geo-
logical Survey Bulletin 816, Department of the Interior, 1930

This bulletin covers the area along the Yukon River between
Circle and Eagle, from Circle upstream to the United States
boundary. This bulletin discusses the geography and geology
as well as climate and mining in an area which -has been very
active as a gold mining region since 1897. The work is based
on field work by the writer in 1925 and includes references to
statements from all prior geology work in this area. It is
illustrated with many photographs and diagrams. A very brief
reference to permafrost indicates that it has restricted the
circulation of the deeper groundwater.

MERTIE, 1. B. JR., "A Geologic Reconnaissance of the Dennison Fork Dis-
trict, Alaska", U. S. G. S. Bullein 82'

Location of area, previous investigations, limitations of this
report -- geography drainage, relief, climate, v,Setation,
animal life, settlements -- all covered in introduction. Geol-

ogy -- sedimentary and igneous rocks outcrops -- g eenstone,
granite, volcanic rocks (early, Recent) -- limestone, schist
(Birch Creek) conglomerates described. Alluvial deposits --
silt bluffs, possibly some glacial deposits, mentioned, Many
benches occur -- rejuvenation of Forty Mile River erosion to
lower base level. Benches exist at various levels. Alluvial
deposits are gravel, sand, silts -- some to considerable thick-
nesses. Mineral resources discussed and classified. Coal-
lignitic is primary mineral of importance.

MERTIE, J. B. JR., "The Yukon-Tanana Region, Alaska", U.SG.S. Bulle-
tin 872
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Settlements, population, transportation, climate and general

information are discussed, Geology outcrops of schist (fairly
extensive) limestone, sandstones, shales, fossil 3tudies are
correlated in description. Unconsolidated deposits exist --

not glacial, but much glacial outwash material reworked, smooth-
bed, water-worn. References are scattered through report.

Geologic map is included.

MERTIE, 3. B. JR., "The Chandalar-Sheenjek District, Alaska", U. S. Geo-
logical Survey Bulletin 310-B, 1929

This bulletin discusses the geography and geology in connection
with the mineral resources of the Chandalar-Sheenjek Rivers as
well as streams in the vicinity. This-area is located directly
north of Fort Yukon on the Yukon River and extends up to the
Brooks Range. The work was done in 1926 and 1927.

MOFFIT, FRED H., "Geolofy Af the Nutzotin Mountains, Alaska", Geologi-
cal Survey Bulletin 933--B, 1940, pp. 103-174

This paper deals primarily with the geology of the part of the

Nutzotin Mountains extending southeastward from the Nabesna
River to Beaver Creek and the boundary between Alaska and
the Yukon Territory. This area includes the Nabesna gold
mine, on White Mountains, and the Chisana placer-gold district
near the head of the Chisana River, both of which have been
important producers of gold. The field work represented on
the geologic map was partly a revision of work previously done
by the writer and others and partly an extension of mapping
into areas hitherto unmapped.

MOFFIT, FRED H. and MERTIE, J. B. JR., "The Kotsina-Kuskulana Dis-
trict, Alaska", Geological Survey Bulletin 745, 1923

A geological survey to determine, examine and map in detail
copper-bearing areas which give promise of yielding commercial
ores. Survey was made in the Kotsina-Kuskulana district in
the part of Alaska known as the Copper River region. It lies
at the west end of Chitina Valley on the southwest slope of

the Wrangell Mountains.

MOFFIT, F. H.: ' Geology of the Nome and Grand Central Quadrangles-
Alaska", U. S. Geological Survey Bulletin No. 553, pp. 53-54. 1913

Restatement of Tyrrell's description of "Crystosphenes or
Buried Sheets of Ice in the Tundra of Northern America'!

MOFFIT, FRED F., "Geology of the Upper Tetling River District, Alaska',
U. S. Dept. of Interior, Geological Survey Bulletin 917-B, 1941

The term "upper Tetling River district" is here applied to
a small part of the Alaska Range 'ying northeast of the
Wrangell Mountains and extendi .i from Suslota Pass to the

Nabesna River. The rocks of the district are predomiiantly
sedimentary, but include lava flows ar.d tffs, and areas of
granitic intrusives. The district is strongly glaciated,
and its unconsolidated deposits therefore include morainal
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material as well as the usual sand, silt, and gravel of the
streams and lakes. Evidences of gold and molybdenum have
been found.

MOFFIT, F. H., "'Geology of the Slar-a-Tok District, Alaska", U. S. Geolog-

ical Survey Bulletin 904, pp. 54
Discussion of area is covered (geographic) by previous work.
Contains information on relief, drainage, transportation, vege-
tation. Geology of consolidated (schists, igneous rocks, sedirnen-
tary) and unconsolidated deposits (glacial, alluvial, colluvial) is
given. Extensive glacial deposits are in area. No preglacia.

--3 deposits in evidence. Slane River shifts its channel over wide
flood plain -- mo-aine still occupying most of valley to about
400-5 00 ft above river; kettle kame topography; ponds, lakes
numerous; some kames relatively dry but moist soil in base
gives luxuriant growth of grass. Morainal deposits occur else-
where but not as conspicuously as in this valley. They occur
especially where they are covered with trees. High gravels found
at various levels to Z,000 ft above stream. Low benches occur on
alnvst all streams. Description of placer and lake deposits
follows geologic data and history. Geologi: map of area included
as well as some sketch maps and photographs of area.

NORDENSKJOLD, OTTO and MERKING, LUDWIG, "Geography of the Polar
Regions, Consisting of a General Characterization of Polar Nature by Otto
Nordenskjold, and a Regional Geography of the Arctic and the Antarctic by
Ludwig Merking", American Geographical Society, New York, 1928, Special
Publication No. 8, pp. 1-90, Translated by Dr. Einst Anteus.

The presence of the polar regions of today enables scientists
to visualize more clearly the conditions existing during the
ice age. The climate, the ice covering and the sparse vege-
taion are the 3 main factors which make polar nature what it
is. With respect to climate, summer temperatures are far
more important than winter temperatures on the characteristics
of polar nature. Precipitation and wind velocity are of certain

importance. The change of light conditions between summer
and winter (daylight and darkness, in effect), the fauna and cer-
tain features of land forms are of minor importance. One of the
major benefits which can be gained from knowledge obtained
from polar research is to obtain a more accurate picture of
"what happened" during the Pleistocene. The author, a
geography professor at the University of Gothenburg (Sweden)
has assembled climatological data and information of the flora
and fauna gathered by numerous expeditions to various parts

of the Arctic and Antarctic. A brief reference is made to soil
forming agencies and soil formations, especially solifluction,
polygonal soils, soil stripes and typical land forms occurring
in polar regions. The author suggests that permanently frozen
ground should be distinguished from layers of pure ground ice
occurring directly beneath a thin vegetation mantle, found in
Alaska, Siberia, and especially in the New Siberian Islands.
A bibliography of 24 references, principally European Polar
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Expedition papers, is included.

PEWE', TROY L.., "Permafrost Program Preliminary Report, Permafrost
Investigations, Fairbanks Area, Alaska,' Military Gerlogy Section, U. S.
Geological Survey in cooperation with Research ai.d Analysis Branch, En-
gineer Intelligence Division, Office, Chief of Engineers, September 1948

This report summarizes the progress of terrain and permafrost
investigations in 1947 in the Fairbanks area, Alaska. The pur-
pose is to make available preliminary interpretations of perma-
frost conditions in the Fairbanks area prior to the completion of
the project. To supplement the general terrain and permafrost
investigation.%, geophysical investigations of the permafrost will
be initiated in the summer of 1948 in the Fairbanks area. In
1947, permafrost information was obtained from foundation ex-

cavations, hydraulic mining areas, wells, and drill holes. Depth
to permafrost was determined in many places with steel hand
augers. D. 1. Cederstrom of the Water Resources Branch of the
U. S. Geological Survey studied the groundwater conditions of
Fairbanks concurrently with the terrain and permafrost investi-
gations of the area and will continue the study of the ground-
water resources in 1948. In February and April 1948, data on
groundwater in the Fairbanks area were released; tables of data

on approximately 500 wells were put on file for public inspec-
tion at the Geological Survey in Washington, D. C., and in Fair-
banks and Juneau, Alaska, and at the office of the City Engineer
in Fairbanks. Report includes preliminary permafrost map of
the Fairbanks area and sketches on distribution of permafrost
and artesian conditions of water confined by perrr.afrost in the
Fairbanks area.

SHARP, R. P., "'Ground-Ice Mounds in Tundra", Geographical Review, VoL
32, No. 3, 1942

Description of ground-i ce mounds in Wolf Creek region, photo-
graphs and cross-sectional sketches included. Mode of origin
discussed may be due to hydraulic pressure or oi Porslid's
"upheaval" type, definitely not entombed ice because of surface
indications of upheaval. Discussion of cycles observed in the
development of ice mounds and their relation to the tundra
topography produced, knobs and depressions more or less
mantled by vegetation contained in report. Ground-ice mounds

should be considered along with solifluction, frost heaving and
"Palsen" formation in the development of tundra topography.

SMITH, P. S., "The Noatak-Kobuk Region, Alaska", U. S. Geological Sur-
vey Bulletin 536, 160 pp., 1913 (out of print).

This bulletin contains reference to "a list of specimens of
flora" in W. C. Mendenhall's Reconnaissance from Fort
Hamlin to Kotzebue Sound, Alaska, U. S. Geological Survey,
Professional Paper No. 10, 1902, which is also out of print.

SMITH, P. S. "Areal Geology of Alaska", U. S. Geological Survey, Profes-
sional Paper 192, 1939
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A description of general kinds and areal distribution of the
major subdivisions of the different geologic formations that
make up the visible rocky crust of the earth in Alaska.

SMITH, P. S. and MERTIE, J. B, JR., "Geology and Mineral Resources of

Northwestern Alaska", U. S. Geological Survey Bulletin 815
Introduction -- past and present reports, including discussion of

authors' trips is included. Relief and drainage of (1) general
features, (Z) Koyukuk plateaus, (3) Brooks Range province,
(4) Arctic plateaus, and (5) Arctic coastal plain. Description
of climate, vegetation, wild life and population included. Ge-
ology broken down into periods for discussion; a very good table
showing age and type of rocks in Northwestern Alaska, Chandalar-

Koyukuk region, Canning River region, Porcupine Valley re-
gion, and Eagle-Circle district contained in report. Good topo-
graphic and geologic reconnaissa: ce maps of area. Many pho-
tographs that are of value in description of text.

SOLOMONS, T. S., "Surface Features of Northern Alaska", AppaLichia, Vol
XII, No. 1, 6 May 1908

Good descriptive article oi Alaska. Very little of scientific
value.

ST. AMA-D, PIERRE, "The Central Alaska Earthquake Swarm of October

1947", Transactions, American Geophysical Union, Vol. 29, No. 5, October
1948

The earthquake swarm of October 1947 is discussed. Investiga-
tion of the activity is described. Photographs of earthquake

activity are included along with an isoseismal map and a plot
of epicenters. The only item of interest insofar as permafrost
is concerned is the following statement regarding wells:
"Increased turbidity was observed in many wells. The Brazil
family, residing between Fairbanks and College, reported an

increase in their well water. The well at the Experimental
Farm began producing copiously for the first time since it
was drilled." It may also be noted that wells that had been

pumped before began to discharge water freely at Wenana.
Intensities of over 200 tremors are noted. this information
may be used for structural design.

TABER, STEPHEN "Frost Heaving", The Journal of Geology, Vol. XXXVII,
No. 5, July-August 1929

This paper desc;-ibes a laboratory investigation of problems
comnected with frost heaving. The principles developed have
applications in geology, plant physiology, and engineering.
Pressure effects accompanying the freezing of soils are due
to the growth of ice crystals and not change in volume.
Pressure is developed in the direction of crystal growth,
which is determined chiefly by the direction of cooling.
Heaving is often greater than can be explained by expansion. o
It is due to the segregation of water as it freezes, more
water being drawn up by molecular cohesion. The chief factors
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contt oil1ing segregation ind excessive hteaving are: s~ie of soil
par! ic amount of water available, size and percentage of
voidsf and rate of cooling. Differential heaving is due chiefly
to diffr-rences in soil texture and in the amount of availal
water, but differences in the ki-nd and amount of soil cover are
also factors.

T UCK, Rz--LPH, "The Loess of the Niatanusk Valley, Alaska", The Journal
of Geoiogy, Vol. XLI, lNo. 4, May-June 1938. The'Universlt of Chicago
Press

in 1935, the colonizatic-n of a part of the Matanuska lVaEl-y i~n
south-centr-al .laska was under-taken by. the Federal Governm ent.
Fertile and deep soil for agricu~tural1 use is limited in extent.
The soil is loess. The part that glaciation may play in the form-
atioz% of such deposits is clearly dem-onstrated in present-day
glacial acti;on.

UNIDVE:RSITY OF AL.ASVA, "Earthquake Report for Interior of Alaska"*
524ovenmber 194?7, College, Alaska, for Commanding Officer. U.S..A.A.B.,
Ladd Air- Force Base, Alaska

A summary oi the present knowledge and op""or. of members of
the University of Alaska in the matter of earthquakes in the
interior of Alaska.

U. S. GEOLOGICAL SURVEY. "Alaska Volcano investigations, Rcport No.
2: Progress of Invwestigations in 1946"1, wr--itten for the Cor~ps of Engineers,
Departnent of the A rmy

n e interests of protecting military installations from de-
structive volcanism, the War Department, in October 1945,
requested the Geological Survey to undertake a programn of
volcano research in the Aleutian arc. The general obiective
of the program is the collection and interpretation of geologic
infarm.ation which may be applicable to military operations in
this area of active volcanism. x-ith the ultimate aim of develop-
ing techniques for predicting the nature, location, and time of
volcanic eruptions near mti.!2ary establishm ents.

U. S_ GEOLOCQ"CAL SURVEY, "Terrain Intelligence, Revised Report.
Strategic Engineering Study No. 27, Alaska", written for Strategic Studies
Unit, Intelligence Bran&., Corps of Engineers, April 1943, Confidential.

This report consists; of a 61io of maps and explanatory tables
outlining the principal geo~raphic and related features of
Alaska. They- cover such subjects as terrain, climate, -water
supply, construction, L-ansportation, geelogy and mineral
resources.

WALLACE, ROBERT E., "Terrain -Analysis in the Vicinity of Northway,
- Alaska with Special Reference to Permnafrost", Permafrost Program Pro- -

gress Report No. 3. July 1946, U. S. Dept. of Interior, Geological Survey.
This report describes the permafrost conditions, ground types, -

conz-truction considerations, and -methodis of identification of
five nrxajor terrain divisions, their subdivisions, and their
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associated lakes in the vicinity of North-wav i the Upper Tana.-
River Basin of eastert. Alaska. The five terrain divisions are

_ z :_- river flood p:ns, sand dunes, lake-sediirnent terraces, alluvial
fans, and bedrock areas. A ajor purpose of the investigation
resulting in this report was to deternine the relaticnship of
pe-rmafrost to terrain -ypes in the Northlwav area so that

z: | ultimately criteria can be established for the prediction of
-- permafrost conditions in areas of possible -military in-por-

tance not accessible for a.round investigation. Emphasis was
placed on the use of aef-ial photographs in the analysis of
terrain di-1sors.

WA-LLACE, ROBERT ., 4 'Cave-Ln or Thermokarst Lakes in the Nabesna,
Chisana, and Tanan a River Valh vs Eastern Alaska", Pernafrost Pro-
gram Progress Repori No. 4, 1946. U. S. Dept. of the Interior, -eologica'
Survey

Report on a study to develop criteria to be used in determining
:-ermafrost conditions by neans of aerial reconr-issance. The
present siudy of cave-u- lakes ;te Nabesna, Chisana and

Tanana River vaUlevs of eastern Alasv i is part of an investiga-
tion of perrnarost by the Geological Survey.

k. GEOPHYSICAL EXPLORATION

CALILNDAR, H. L. and MCCLEOD, C. 1L, "Observations of Soil Ternpera-
tires with Electrical Resistance Th.ermornetars", Proceedings and Trans-
actions, Royal Societ- of Canada, Second Ser., VoL Z, Sec. 3, pp. 109-126,
May 1896

A continuati-on of the May x895 (1895-1. report by the seuior
author giving more compitte data on soil temberatures. The
data are presented in the form of an isothermall diagram,
March 1895 to April 1896, and curves showing variation in
temperature with eept. A table of thermal diffusivit -aues

are given for various seasons of tlhe year for various depths.

DAY, P. R. and BODMAi G. B., "Thermoeectr-'c M ethod of Determning
the Freezing Points of Soils", Proceedings, Soi Scien:e Societv of America
Vol. 2, pp 65-71. 1937

The authors state objections to the comno.ly Used method of
determining freezing points of soils by means of the Becknan
thermometer and descri-be equiment for thermjelec-ic r.e -sure-
ment of freezing points. Experimental data on the effect of pre-
cooling temperatures on the freezing paint and data or freezing
point dept .tssion-nloinure content relationships are given.

SiHEPARD. E. R., "Subsurface Exo.orat-ions Made by Resistivity and Seis-
tnnc Methods", Pblc Roads, Vol. I. No. 4, june 1935, p. 57

This article discusses, in detail, with numerous examples.
illustrationt and photographs, the equipment and tecniue
of subsurfa:e exploration using resisivity and seismic
methods. A list of 12 references is given.
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U. S. WATERWAYS EXPERLhIENT STATION, "Seismic and Resistivity
iGeophysical Exploration Methods", Technicl Memorandun 198-1 . 20 San-
uary 1943, Vicksburg, Mississippi

This rEport sets forth the results of an investigation into the prac-
ticabilitv of u1ilizing the seismic refraction and electric resistivity
methods of geophysical exploration for Th.e purpose of expediting as
well as reducing the cost of the present boring methods of subsur-

face Lnvestigations in the alluviai valley of the Mississippi River.

1_. HE-AT

-ARSLAW, H. S., "introduction to the Mathnematical Theory of the Gonduc-
tion of Heat i Solids", Dover Publications, New York, 1945

Includes a discussion of all the important boundary problems

associated with the equation of conduction. In Chapter I, the
differentil ecuation of conduction is obtained and some general
theorems as to it- solution are established. Chapter II deals with
Fourier's ring. The next two chapters are devoted to linear flow.
Chapters V and 'I deal with 2- lanensional problems and flow of

heat in a rectangular parallelepiped, Chanter VII deals with the
circular cylinder, Chapter VII with the sphere and cone, Chapter
IX with sources and sinks, and Chapter X with Green's func-
tions. Chapter X1 deals with the use of contour integrals i-
the solution of the equation of conduction, and Chapter MI deals

with the use of integral equations in the solution of the equation

of conduction.

JAKOB, lv.L and HAWKINS, GEORGE A., "Elements of Heat Transfer and
Insulation", John Wiley and Sons, nc., New York, 194Z

This book discusses three kinds of heat transfer, conduction,
convection, and radiation, separately and in combinations. A

chanter is devoted to the basic propertv of thermal conductivit
with particular attention to practical insulation. Unsteady state
equations are made clear to the student by some graphical repre-
sentations. Dimensional analysis is dealt wiih in the most ele-
mentary -anner. Some applications of heat transfer in experi-
mental engineering and the interdependence of heat transfer and
surface friction form the subject of the last three chapters.

4 MERSIMAN, W. A., BERGGREN, W. P. and BOELTER, L. M. K., "The Con-
duction of Heat in Composite Infinite Solids", University of California,
Publications in Engineering, Vol. 5, No. 1, 1942, 22 pp.

Analytical and graphical solutions for temperature as a function
of position and time in a dissimilar serzes of semi-infinite solids
placed in "ixnperfect" contact on ? plane interface.

NORGAARD, H., "Long-Distance Heating Systems Insulated with Cell Con-

crete", Z5 Years of Civil Engineering, Christiani and Nielsen, 1904-1929,
pp. 154-259

Photographs and discussion of various installations using cell
concrete insualation produced by using the patent foam compound
of Christiani and Nielsen.
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PATTEN, HARRISON E.. "'Heat Transference in Soils", U. S. Dept. of
Agriculture, Bureau of Soils, Bulletin No. 59, 1909, 54 pp.

The results of laboratory experimental study and review of
literature on the thermal properties of soils. Presented are
experimental and derived data oD heat of wetting, diffusivity

rate, relation betweeni; surface area, moisture film, and heat
conductivity and diffusivity for seven soils ranging from
coarse quartz to clay.

SC14ACK, ALFRED, "Industrial Heat Transz;r", John Wiley and Sons, Inc.,
New York, 1933 (Translated from the Gernar. by Hans Goldschmidt, Dr.-
Ing. and Everett P. Prtridge, Ph.D.)

This book discusses (a) The Three Ways in Which Heat -s
Transferred and the Surface Conductance; (b) Analysis of
the Three Mechanisms for Heat Transfer; (c) Calculations
for Heat Exchangers; (d) Heat Transfer in Industrial Fur-
races; (e) Heat Transmission and Pressure Drop; if) Numer-
ical Examples in Heat Transfer; (g) Can.pilation of the Most
Importart Equations for He4t Transfer; and (h) Important Phy-
sical Constants fo: Heat Transikr.

im. ICE AND SNOW

BARNES, H. T., "Ice Formation , 1st Edition, New York: John Wiley and
Sons, 1906, 260 pp.

A treatise on the formation of ice. This -eferenrce pertains to
that part of the text which deals with the theory of the formation-
of ice in water, and the formation of frazil. ice (masses of
spicule ice in flowing streams) and anchor ice (ice anchored to
the bottoms of streams).

BARINES, H. T.. "Ice Engineering", Montreal, Renouf Publishing Co., 1928,
364 pp.
Comprehensive treatise on properties of ice. Specific reference
is made to data oa latent heat of fusion; latent heat of vaporization;
specific heat of ice; thermal conductivity of ice, anew and water;
and coefficient of expansion of ice.

COLEMAN, A. P., "'Ice Ages Recent and Ancient"
"The largest tree now growing in Spitzberge.n is a willow which
rcarcely rises three inches above the ground. The Arctic re-
gions have enjoyed genial periods and some parft of the tropics
have suffered Arctic cold showing that in the past there 11ave been
very important variations of climate." "Seams ol excellent coal
. ............. and great fossil leaves belonging to trees of a warm
climate in beds of Cenozoic age are found in Spitzbergen."

EAGER, WM. L.. "Icing Studies, F-Z", Public Roads Administration, 1944
This folder consists of a series of letters written o the Public

Roads Administration by engineers engaged in the construction
and study of Ming conditions along the Alaska Highwa, princi-
pally in Canada. It points out the various serious icing areas
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means of removing snow from runways most favored are machines
that pick up the snow and deposit it well away from the used areas.
This is usually done by plows, powered by high-tractive-effort
trucks, working with rotary blowers or other snow throwing
machines.

MULLIS, 1. B., "Illustrations of Frost and Ice Phenomena", Public Roads,
Vol. I1, No. 4, pp. 61-79, June 1930

The author il":straies various forms of detrimental frost rhe-
nomena and discusses and presents data on volume change-
temperature change characteristics of water and ice; pressure
effects due to frost action; direction of heat radiaion; size of soil
particle: and the amount of water available.

PAULSQN, JOSEPH B. JR., "A Methc.d of Calculating the Effect of Snow on
Runoff During Rainstorm", Transactions, American Geophysical Union,
1944, 3.'17

Appi:ars to be good method; gives resulting .c:unoff intensity
which exceeds sum of rain and snow-melt intensities due tv
storage of snow-melt in snow cover for first stages of melt.

3STEFANSSON, V., "Underground Ice in Northern Alaska", American Geo-
logical aociety Bulletin, Vol. 42, No. 5, May 1910, pp. 337-345

A description of ground ice in northern Alae t. Four differen:,
processes by which the author ...... 'has seen underground if-
formed ...... are described.

TABER, S., "Pressure Phenomena Accompanying the Growth of Crystals",
Proceedings, National Academy of Sciences, Vol. 3, No. 4, April 1917,
pp. 297. 302

A historical study of the results of experiments made by
various investigators to determine the magnitude of force
which accompanies the growth of crystals. The author in-
cludes mention of his work and explains the pressure phenom-
ena which accomoanies crystal growth.

TABER, S., "The Growth of Crystals Under External Pressure", American
Journal of Science, Fourth Ser., Vol. 41, No. Z46, June 1916, pp. 532-556

Discusses the phenomena associated with growth of crystals in an
alum solution and in a copper sulphate solution and relates such
crystal growth to the growth of ice crystals associated with frost
heave.

* I TABER, S., "Surface Heaving Caused by Segregation of Water Forming Ice
F Crystals", Engineering News-Record, Vol. 81, No. 15, pp. 683-4, 10 Oc-

tober 1918
A discussion of articles by J. L. Harrison, Engineering News-
Recort., Vol. 80, No. 9, pp. 418-420, Z8 Feb. 1918, and C. D.
Norton, Engineering News-Record, Vol. 80, No. Z2, p. 1058,
30 May 1918, in which Taber disputes their claims and pre-
sents his hypothesis on the formation of ice layers and the
c,.use of frost hea. j.
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TYRRELL, J. B.,'"Crvstos'henes or Buried Sheets of Ice in the T undra of

Northern America", Journal of Geology, Vol. 12, No. 3, p. 23.1, April-M-ay
1904

-r.Tyrrell presents theories whi;ch he thi: con o h

formation of glaciers, the surface mnsses of ice formed each
wvinter bv the overflow of !springs and ground ice. He suggests

that the name "crvstocrene" (derived fIron- the Greek words
"ice" and -fountain") replace the name "~glacier", and also

suggests the name-i "crystospherie" ('derived from t-he Greek words
for "ice" and "wedge") for ground ice or the ice wedges ex-

:sting below the ground surface. Hius theory for the formation
of underground ice is that underground flows of water have come
to t;,, surface in the form of springs, "freez-e at the surfacc and
t'e ice continuing to form downward until, a few feet below the

sura, but stI %,,thin ti-c influernce of the external low temn-

perat~.e plane of weakness is reached in the stratified frozen
vegetation or alluvial deposit, such planes of weakness being
generally determined by the presence of thi.n bands of silt or
fine sand........ and there the main body of the ice wedge is
iorn~ed". Location discussed is he Klondike country.

n. INSULATION

CHRISTLAXI AND INIELSE'N, "Cell Concrete on Floors", Copenhagen, 8

Ma rch - 1940
Thi bullet'n e~sc,;sses- the construction of cefl concrete as
An5ulation material anr_ an underlay for flooring. Construction
details a re set forth and illustrated with photos and drawings.

CHRISTIAINI AND N -_LSEN, "District Heating Syszem s in, Denar~ r-wit
Cell Concrete Insulation"

This bulletin discusses m e matter of insulating '-eat plants
using cell concrete as -a n-aterial for insulation. Most of the
plants used as illustrations are located in Denmark.

CHlPISTLANTI AND NIELS EEN, "Circular No. 22, Cell Concrete", I Decem-

ber 1926
Part!I deals withn cell concrete, its propurtica and application.
Part 11 ideals with the normal manufacture of cell concrete and
t-ow -t Is cast and treated. Both Parts 1 and HI are illustrated
w.ith drawings and tables which assi-st, greatly in the prepara-
tion of cell concrete.

J)DUF TO0N, A. F., "Thermal Insulation in Buildings", Royal Institute Br r~Isn
A rchitects Journal, Vol. 5-Z, -No. 3,. January 1945, pp. 97-99

U se of insulation to obtain better rate of temperature use
Wh4len building is cold, rather than to help maintain uniform

ten-mp ra tu r e; experiments on effectiveness of various thin
inuating layers. Bibliographyv.

IJAILL ITE, W. IMARKS, "Permafrost Research A11rea", The Military Engi-
neer, Septemnber 1947, Vol. XXXIX, No. 263, pp. 375-379
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This article describes construction by the Corps of Engineers,
D. A., of a research area near Fairbanks, Alaska for the pur-
pose of studying the effect oi permafrost (permanently frozen
ground) on various types of foundations, using different kinds

of insulation, piling, gravel fills, etc. Some of the difficulties
of construction are described, including what happens when
flowing artesian well is obtained when drilling for water
through the frozen ground.

JAKOB, M. and HAWKINS, GEORGE A., "Elements of Heat Transfer and
Insulation", John W iey and Sons, Inc., New York, 194Z

This book discusses three kinds of heat transfer: conduction,
convection, and radiation, separately and in combinations.
Chapter I is devoted to basic property of thermal conductivity
with particular attention to practical insulation.

UNIVERSAL ZONOLITE INSULATION COMPANY, "Zonolite Concrete
Manual", Universal Zonolite Insulation Company, Chicago, Illinois, 1945

This manual describes zonolite concrete aggregate and its
various densities, compressive strengths and insulating
values of various mixes. Specifications for mixing, placing,
curing and drying, as well as specifications for use as roof
fill and notes on precast zonolite blocks and laboratory test
reports are included.

o. MAPS, MAPPING, AERIAL RECONNAISSANCE

AMERICAN SOCIETY OF PHOTOGRAMMETRY, "Manual of Photogramme-
try", Pitman Publishing Co., New York-Chicago, 1944, 819 pp.

This book discusses the following subjects: Principles of
Surveying; Photogrammetric Optics; Cameras; Photographic

Mission; Materials and Laboratory Technique; Geometric
Characteristics; Stereoscopy; Interpretation; Radial Plotting
Methods; Photographic Mosaics; Stereoscopic Mapping Methods;
Analytical Computations; Mapping from Oblique Photographs;
Field Inspection and Completion; and Training and Application.
Includes numerous photographs, maps and drawings.

ASK, REYNOLD E., "Fundamentals of Photogrammetric Engineering", En-
gineering News-Record, Vol. 133, No. Z4, 14 December 1944, pp. 84-89

This article considers topographic mapping including the use
oi various types of plotting equipment and methods such as
the stereocomparagraph, the KEK plotter, the Brock process
and the multiplex equipment; and railitary mapping including

the Tri-Metrogon method, the continuous-strip camera, and
night photography.

BELCHER, DONALD I., "The Engineering Significance of oil Patterns",
Engineering Experiment Station, Purdue University, Lafe , i Ae. Ind., Decem-
ber 1944, Reprint No. 13 from Proceedings, Twenty-third Annual Meeting,
Highway Research Board, November 1943

The term soil pattern is used in the comprehensive sense that
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includes not only the color pattern of soils but the numerous
other factors recorded in an aerial photograph that are in-
fluenced by the soil. When properly evaluated, they indicate
the engineering properties of the soil. A number of extensive
soil areas are described in detail and test data showing their
uniformity are presented. Photographs of these areas are
included to illustrate their respective patterns.

BELCHER, DONALD I., "Identifying Landforms ard Soils by Aerial Photo--
-, graphs", Proceedings, Thirtieth Annual Road School, Purdue University,

24-26 January 1944, Extension Series No. 56

Information on the engineering characteristics of soils can
be obtained from aerial photographs providing a background
of knowledge concerning the area being studied is available.
The land form is the key to the type of parent material and

the parent is the key to the general physical properties of
the soil. Factors observed in analysis of acrial photographs
include relief, drainage pattern, erosion, co!or pattern,
vegetative cover, and land use. Bibliography.

BELCHER, D. J., "The Development of Engineering Soil Maps", Ergineer-
ing Bulletin, Purdue University, Vol. XXVII, No. Z, March 1943, pp. e6-92

Engineering soil maps are made to indicate areas in which
similar engineering soil problems can be expected. They are a

source of information concerning soil types and drainage for
planning highways and other construction projects.

EARDLEY, A. J., "Aerial Photographs and the Distribution of Construction-
al Materials", Proceedings, 23rd Annual Meeting, Highway Research Board,
1943, pp. 5 5 7 to 568

Sources of data on the distribution of constructional materials
in an area are contained on soil maps and geologic maps; and
aerial photographs should be considered as another form of map
for distribution studies. Since detailed soil and geological maps
are not available everywhere, aerial photographs may be the
only source of information preliminary to field surveys. Aerial
photographs may best be interpreted by considering them as

Isoil or geologic maps. Soil and geologic maps are briefly de-
scribed and their relation to aerial photographs is illustrated.

The examples contained in this report demonstrate the great
utility of aerial photographs in mapping soil types as well as
hard rock formations.

FROST, ROBERT E., "Identification of Granular Deposits by Aerial Photo-
graphy", Proceedings, Twenty-fifth Annual Meeting, Highway Research

Board, 1945, pp. 116-129
This paper discusses the techniques used to interpret granul-r
materials from aerial photographs. This method of grant.ar
surveying is of great importance to highway and airport engi-
neering because good sand and gravel are always at a premium
whether it be as a source of borrow for subgrade improvement,
base courses, for concrete aggregate, or for location purposes.
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Since the average pattern produced by granular materials is one
of the easiest to identify, it is possible to make an air-photo sur-
vey of an exceedingly large area in a very short time.

FROST, ROBERT E. and MOLLARD, 3. D., "New Glacintl Features Identi-
fied by Airphotos in Soil Mapping Program", Proceedings, Twenty-sixth
Annual Meeting, Highway Research Board, 1946, pp. 562-577

At the outset of the current soil mapping program, from aerial

photographs of the State of Indiana, certain glacial air-photo
patterns were found to be very complex and, as a res:-t, an
endeavor was made to trace the glacial features which have
complicated the patterns. The first part of this paper discusses
the areal soil mapping program and how it is being done from
aerial photographs. The common bedrock and glacial patterns
are discussed and illustrated so that the reader may better
understand the complex patterns. The remainder of the paper

- discusses many of the complex patterns and the glacial fea-
tures which cause them to be developed.

FROST, R. E., "The Use of Aerial Maps in Soil Studies and Location of
Borrow Pits", Purdue University, Reprinted from Kansas Engineering Ex-
periment Station Bulletin 51, 1 July 1946

This article deals with the use of aerial maps in soil studies
as indicated in the title. It points out that one of the chief
advantages of mapping soils from aerial photos lies in the
fact that detailed soil maps .cannot be made in any other way

at a comparable cost, or made as efficiently from the stand-
point of time. The basis for this is that soil and rock patterns
are repetitive in their natural environment which means that
any two materials derived from the same soil or rock pattern
material, under the same climate and both occupying the same
relative topographic position, will have similar soil profiles,
engineering properties, native vegetation and air-photo pattern.
Other requirements are that the photographs be of good quality
so that stereovision is possible. The pamphlet is well illus-
trated with photographs and soil maps made from the adjoining
photographs.

HARDEN, M. S., "Use of Stereoscopic Methods in Preparing Topographic
Maps from Aerial Photographs", Proceedings, 23rd Annual Meeting, High-
way Research Board, 1943, pp.552-4

This paper describes the preparatiori of topographic maps by
the multiplex instrument. The process involves the use of
aerial photographs to form true scale stereoscopic models
of the terrain in which the necessary measurements for posi-
tion and elevation can be made much more rapidly than si-nilar
determinations can be made by survey parties operating in the
field. The process has many other advantages not shared by
the customary way of making maps in the field and lends itself
well to the mapping of areas through which it is proposed to
locate new highways, particularly those routed through mcun-
tainous regions.
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HITTLE, 1. E., "The Use of Aerial Photographs in Identifying Granu-
lar Deposits and Other Soils", Engineerin R Bulletin, Purdue University,
Vol. XXVII, No. 2, March 1943, pp7 9 -8 6

A general review of the use of aerial photographs in deal-
ing with highway location problems, especially in Indiana.
A discussion is given of the means of locating granular de-
posits by the proper interpretation of information contained
on aerial photographs.

HITTLE, /EAN E., "The Application of Aerial Strip Photography to High-
way and Airport Engineering", Proceedings, Twenty-sixth Annual Meeting,
Highvay Research Board, 1946, pp. 226-235

This paper presents a method of gathering pavement perform-
ance data by the use of aerial strip photography. This method of
aerial photography offers a quick, convenient methbd of making
a permanent record of the essential features of pavement perform-
ance that heretofore could only be obtained by visual inspection
in the field.

JENKINS, D. S., BELCHER, D. S., GREGG, L. E. and WOODS, K. B., "The
Origin, Distribution and Airphoto Identification of United States Soils, with
Special Reference to Airport and Highway Engineering", Technical Devel-
opment Report No. 52, May 1946, 202 pp. and 63 plates, U. S. Dept. of Corn-
merce, Civil Aeronautics Administration

A comprehensive report describing the various soil and -Aterial
deposits in the U. S. accompanied by i map showing their Qis-
tributlon; and application of the data to airport development.

PARVIS, MERLE, "Development of Drainage Maps from Aerial Photo-
graphs", Proceedings, Twenty-sixth Annual Meeting, Highway Research
Board, 1946, pp. 150-163

This paper reports the development of techniques for com-
piling drainage maps of fine detail from aerial photograph.

of the several countie z in Indiana. The air photos used for this
work were taken in 1937-1943 in connection with the United States
Department of Agriculture map program.

RAUP, HUGH M., "Botanical Problems in Boreal America I and II", The
Botanical Review, Vol. 7, No. 3, pp. 148 to 208, March 1941; Vol. 7, No. 4,
pp. Z09 to 248, April 1941

The author emphasizes the difficulties encountered in attempting
to classify forests or to present logi-al arguments for the ex-
istence of a particular plant association in a given location.
This paper is principally a review of literature of approximate-
ly 250 papers and a statement of the author's opinions of the
other investigators' concepts end methods. The paper gives a
very technical discussion of the origin and distributiorn of flora.
A short section of the paper is devoted to a discussion of stone
polygons. Briefly, in order to have stone polygons, no vegeta-
tion can be present during their development. Thus, if both
stone polygons and vegetation are present, the vegetative cover
is comparatively recent. There is also a discussion of plant



succession. Mapping of vegetation by air photos and the construc-

tion of cover type maps from air photos is discussed.

SPURR, STEPHEN H., "Aerial Photographs in Forestry", The Ronald Press
Co., New York, 1943

Although the basic theory of the application of photographic
* techniques LO forest inventory was first worked out by

European investigators in 1925, Canadian foresters have em-
ployed air photos for timber cruising on a large scale since
1929. It was not until World War I that the use of aerial photo-

graphs in forestry was seriously undertaken in the United State6.
This book, written by a forestry professor at Harvard, is
intended essentially as a text for advanced forestry studenis
having a knowledge of the fundamentals of silvicu.ture and
mensuration. A considerable portion of the publication is
devoted to technique and methods of photo-interpretation ap-
plicable to forest management which is of interest only to a
trained forester. However, chapters on the elements of photo-
grammetry, techniques and principles of photo-interpretation,
and especially a detailed discussion of photography specifica-
tions are of definite value to air-photo interpreters in any field.

U. S. GEOLOGICAL SURVEY, "Photo Interpretation of Vegetation in the
Tropical Pacific Area and Its Use as an Indicator of Kind of Ground", Engi-

neering Notes No. 20, Au-ust 1944, prepared under direction of Office, Chief
of Fngineers, Military Intelligence Division, Restricted

T'his paper is a compilation of such information o, tropical
Pacific forests and cultivated crops as may be of military
value, particularly to engineers. The illustrations include
aerial photographs of most of the dcscribed vegetation types;
these are mounted by pairs so that they can be studied under
the stereoscope.

WALLACE, ROBERT E., "Cave-In or Thermokarst Lakes in the Nabesna,
Chisana, and Tanana River Valleys, Eastern Alaska", Permafrost Program
Progress Report No. 4, 1946, U. S. Dept. of Interior, Geological Survey

Report on a study to develop criteria to be used in determining
permafrost conditions by means of aerial reconnaissance. The
present study of cave-in lakes in the Nabesna, Chisana, and
Tanana River valleys of eastern Alaska is part of an investi-
gation of permafrost by the Geological Survey.

WAR DEPARTMENT, "Interpretation of Aerial Photographs", Technical

Manual No. 5-246, 31 December 194Z, Restricted
The purpose of this chapter is to familiarize the student with
the appearance of general terrain features on aerial photographs.
This knowledge is essential for all those who use aerial photo-
graphs for tactical purposes as well as for the interpreter who
studies them to discover information concerning the enemy.

WAR DEPARTMENT, "Aerial Photography Military Applications". W1ar
Departnent Field Manual, FM 30-21, ZZ September 1944
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The purpose of this manual is to describe in general terms
aerial photography and its application to military operations
in modern warfare as it relates to air, ground and naval forces.
It p. -vides the basic doctrine for the procurement, production,
and explnitation of aerial photography.

WOODS, K. B., HI-TTLE, JEAN E. and FROST, R. E., "Use of Aerial Photos
in the Correlation Between Permafrost and Soils", The Military Engineer,
Vol. XL, No. 277, November 1948

This article gives a brief discussion of the methods and results
obtained in the use of air-photo patterns to identify soils and perma-
frost for site selection, thus concentrating field reconnaissance on
the best sites available. It is based upon three years' field work
by Purdue University in Alaska, under contract witL the Corps of
Engineers, St. Paul District Office.

p. MI1,!NG

CAPPS, STEPHEN R., "The Kantishna Region, Alaska"' , U. S. Geological
Survey Bulletin 687, 1919

This bulletin covers an area bounded by the Alaska Range on the
south, the Tanana River on the north, the Nenana River on the
east, and the lower Kantishna River on the west; the area lies
between the village of Nenana and Mt. McKinley. Field work was
done in 1916. The geography and geology of this area were under-
taken in 1916 because the Alaska Railroad was being built adjacent
to this area, and it was anticipated that mining activity would
be greatuy increased. Coal as well as gold, silver and antimony
was found.

COLLIER, A. I., "Gold Placers of the Seward Peninsula", U. S. Geological
Survey Bulletin 328, pp. 40-110, 1908

Geniral introduction to area and history of exploration presented.
General outline of physiographic features discussed, i. e., shore-
line, mountainous regions, and drainage characteristics. Good
report although primarily of a reconnaissance nature. Fairly
complete geologic map included.

MERTIE, T. B. JR., "Geology of the Eagle-Circle District, Alaska", Geo-
logical Survey Bulletin 816, Dept. of Interior, 1930

This bulletin covers the area along the Yukon River between
Circle and Eagle, from Circle upstream to the United StaTes
boundary. This bulletin discusses the geography and geology
as well as climate and mining in an area w ich has been very
active as a gold mining region since 1897. The work is based
on field work by the wr-iter in 1925 and includes references to
statements from all prior geology work in this area. It is
illustrated with many photographs and diagrams. A very brief
reference to permafrost indicates that it has restricted the
circulation of the deeper groundwater.

MERTIE, Y. B. JR., "Mineral Deposits of the Ruby-Kuskokwim Region,
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Alaska", Geological Survey Bulletin 864-C, 1936
This bulletin discusses the geography awd geology in connection
with the mineral resources of the Ruby-Kuskokwim region in
west-central Ale-ka between the Yukon anc Kuskckwirn Rivers.

MOFFIT, FJRED H., "Geology of the Nutzotin Mountains, Alaska", Geologi-
cal Survey Bulletin 933-B, 1940, pp. 103-174

This paper deals primarily with the geology of the part of the
Natzotin Mountains extending southeastwarc from the Nabesna

- River to Beaver Creek and the boundary betiween Alauka and
the Yukon Territory. This area includes the Nabesna gold
mine, on White Mountains, and the Chisana placer-gold distric.
near the head of the Chisara River, both of which have been

z.i important producers of gold. The field work represented on
the geologic map was partly a revision of work previously done
by the writer and others end partly an extension oi mapping
into areas hitherto unmapped.

MOFFIT, FRED H. and MERTIE, j. B. JR., "The Kotsina-Kuskulana Dis-
trict, Alaska", Geological Survey Bulletin 745, 1923

A geological survey to determine, examine, and map in detail
copper-bearing areas which give premise of yielding commer-
cial Gres. Survey was made in the Kotsina-Kuskulana district
in the part of Alaska known as the Copper River region- It
lies at the west end of Chitina Valley on the southwest slope of
the Wrangeli Mountains.

MOFFIT, F. H., "Geology of the Nome and Grant Central Quadrangles-
Alaska", U. S. Geological Survey Bulletin No. 553, pp. 53-54, 1913

Restatement of Tyrrell's description of "Crystosphenes or
Buried Sheets of Ice in the Tundra of Northern America".

SMITH, P. S. and MERTIE, 3. B. JR., "Geology and Mineral Resources of
zNorthwestern Alaska", U. S. Geological Survey Bulletin 815

Introduction, past and present reports, including discussion
of authors* trips, is included. Covers relief and drainage of
(1) general features: (2) Koyukuk plateaus; (i) Brooks Range
province; (4) Arctic plateaus; and 5) Arctic coastal plain.
Description of climate, vegetation, wildlife, and population
included. Good topographic and geologic reconnaissance maps
of area. Many photos that are of value in description of text.

q. NAVY

DEPARTMENT OF THE NAVY, "Geological Reconnaissance of Maybe Creek
- I lkpikpuk -- Colville River Area, U. S. Naval Petroleum Reser:'e No. 4.
June, July, August 1943, Party No. 3"'

This article briefly discusses the difficulties of working areas
and recommendations for future work.

DEPARTMENT OF IHE NAVY, "Geological Reconnaissance of Sentinel Hill
Area, U. S. Naval Petroleum Reserve No. 4, Party No. !, June, July, August

: ': 1945"'
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I
This article briefl/ discusses the plan of work, equipment used,
logistics related to moving personnel to end from field, and
recommendations as to (uture work4

DEPARTMENT OF THE NAVY, "Naval Construction Battalion lDetachment
1058, Summary Report on Cold-Weather Operations, Department of the
Navy at U. S. Naval Petroleum Reserve No. 4"

IThis is a report by S. H. Folk made in February 1946 from
information compiled from reports made by various personnel
attached to NGBD 1058, covering operations in Naval Petroleum
Reserve No. 4 during the winter 1944-45. A Caterpillar D-8
tractor when winterized becomes very satisfactory by increas-
ing the traction by cutting holes in grouser plates to clear
packed snow and replace the top carrier rollers with wooden
beams to carry the tracks. The weasel is a very effective
vehicle for travel over Alaskan arctic terrain. However, the
transmissions are too light and the vehicle is not sturdy
enough for long cross country trips over rough terrain. There

is also a discussion of the operation of bobsleds, wanigans
and arctic clothing together with some observations regarding
sled-freighting operations.

DEPARTMENT OF THE NAVY, "Geological Reconnaissance -f a Part of
the Chandler River, Alaska, U. S. Naval Petroleum Reserve No. 4. Party
No. 5, August-September 1945""

Discusses equipment and methods used in doing ground geological
work. Includes a description of the area. It is po-.sted out that

A - aerial photography, preferably vertical, affords great assistance
in this type of work.

DEPARTM1ENT OF THE NAVY, "Geological Reconnaissance of Ninuluk --
Prince Creek Areas, U. S. Naval Petroleum Reserve No. 4, Party No. 4,
Tune, July, August 1945"

Discusses equipment and methods used in doing ground geological
work. Includes a description of the area. It is pointed out that
aerial photography, preferably vertical, affords great assistance
in this type of work.

DIRECTORATE OF ENGINEER DEVELOPMENT, "Report on Snow and Ice
Data", Dept. of National Defense, Ottawa, Canada

This article deals principally with snow and ice as a function
of hauling and sleigh roads. Describes the various types of
snow and ice. roads with a discussion of maintenance and con-
struction methods. Also discusses the fundamentals of con-
struction and survey. Part I discusses briefly construcztion
and maintenance of winter roads; Part I! discusses preparation
and maintenance of airfields in winter; Part III discusses ice
as a winter highway; Part IV discusses use of explosives in
blasting ice, particularly ice jams.

FAGIN, K. MARSHALL, "Petroleum Development in Alaska", from The
Petroleum Engineer for August, September, October, and Dece-nber 1947
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A series of articles on the Navy's expl~ation for oil in Naval
Petroleum Reserve No. 4. Articles entitled:

1. Oil Prospecting in Alaska
2. Exploration in Alaska
3. Drilling Problems in Alaska _

4. Economics of Alaskan Exploration.
These articles c-ontrun valuable information regarding the area
inorth of the Brooks Rlange.

FORAN, WILLIAM T., Lt. Comdr.. CEC, USNR, "Geological and Geophysi-
cal Report Concerning the Potential Oil Possibilities of the Umiat and Cape

Simpson Areas of Naval Petroleum Reserve No 4 in Northern Alaska"
May-September 1945

Discusses aterial photography, electrical surveys at Umiixt Well
z ~ No. 1 and Simpson Core Hole No. 11, temperature survey a t Umiat.

HUNT, RALPH W., Capt., CE, "Report of Operation Nanook,", Arctic Re-
search Section, The Engineer School, Fort Belvoir, Va., December 19462

This report is a detailed account of an arctic expedition con-
ducted by Navy Task Force 68 in which Army, Coast Guard,
Weather Bureau and other personnel participated to obtain
military and scientifi information for use in planning future
polar operations. Operations were conducted in the eastern
Canadian Archipelago and at North Star Bay in northwest Green-
land near the village of Thule. The report is liberally illus-
trated with maps and photographs. In conniection with the opera-
tions conductet, referc-nce is made to the pez-ftranently frozen
soil bentath an active layer of surface soil

MARTI, E. I., Lt-, USNRL "Operations Report, Seismograph Exploration
in Naval Petroleum Reserve No. 4, Alaska. June to September 1945". De-
partment of the Navy

This article discusses equipment and methods ofl operation of a
seismograph party operating in Naeal Petroleum Reserve No. 4.
Recommendations as to modificAtions for future work are included.

r. PHYSICS AND CHEMISTRY

ANDERSON, A.H.C.. FLETCHER, J. E., and EtILEYSEN, N. E., "~Soil-
Moisture Conditions and Phenomena in Frozen Soils". Transactions. Amer-
ican Geophysical Union, Pt. 2, pp. 356-371, November 1942

A theoretical discussion of experimental methods of measuring
the temperatLure at which soil moisture freezes-. interrelations
among the thermodynamic variables of state un'ier different
conditions of freezing soil moisture; generalized treatment
of the effect of pressure on the freezing point, and its appli-
cation to rtlatively moist soils -- generalized Clausius-
Clapeyron equation; and movement of soil moisture in rela-

tion to freezing phenomena in soils. Bibliography.

ANDERSON, 3. G.. "Solifluction, A Component of Subaerial Denudation",
Soturnal of Geology, VoL 14, No. 2, pp. 91-112, February-M-arch 1906
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Description a! And climatic featr-es which caus-e the slow
moving of soil fromn highter to-lower- grawnd bay nliftto
(derived from, solurn -- "asoil" and hee -- "to noaw-) it-
the subglacial. climate of the Falkland islands, tR1oc~ky
Mountis Spitzbergen. And Scandinavia.

lon", T-rnsactios, American=e~y a Union Pt 3, pp.5-747. 1940
Results of field ezeinenttal sbudv to deterra-ina m- Ueffc of
depth and density of snowv cover And de& of wfr-ar cover ont
depth of irofl penetration in glso rond.- Ccfnrol plots er
kept :-ree of snow.

BAITER, L. D., 'So~i Physics". pp. 153-155 andl 275-289, flm TYork. Sohiz
Wiley and Sons, 19,40, 370pp

DiAscusion of effEct of f reertt and &Mawin4 on soil a!rWn-
relation of soil clrto terper termal propertSes ofsis
(svecisic Beat, thera-Dl Q Vuctivity. teat capacis - E n
sivit -y;; teor*y of h~eat flow;- soil factors affecting Beat caibe
-n.- daily and seasonal changes- isoil temoperatute- ZAblography

BEEGGREN, W. P., "Prediction- of Temperaftre Disftibu in roe
Soils'", Transactions, Amer-ican Gxeopyscl. Union, Pt- 3,. i-l 1143

Theoretical Analysis ofE teriperature disfr-ibmtiln in froZEn sails.
Included are: analysis of a idealised system-, sc-Extiva of *at-
ainrles, and special adapfttioas of the Analysis.

BODMAN, 0. B. amd IIAT, P. R., "TeroleticMthod oE Detrmining -
the Freezing Points of SoilsPoedn, Soil Science Smtiety of A n-
ca. Vol. ±,. 65-71, 1937

The authors state objectians- to 9w cnmd used meted o!
determnin freezing& point s - y -na- of Bc3i=f.

thrmmeter and describhe efioerC noliti
mjeasurmentz of fr-eexing points. Experimena data on 1L-
effect of precooling tenprawes on the freezing pointan
data on freezing point depressicnr.--oist-re rcomi etst
sBips- are gvn

BOUTOUCCS. 0. S.. "*ClassifCAtiZ- ad Me-sxre-zt oI theDifeen
Frsof Water z:- Soil by Means of Ume flktometer Weod". Ifichiga

A gricult-ral College, En-ernt-eut St1atica, Tzc~tia Bn-UeU-n MO. 36. Sep-
te e 9]17,4. p

The autob-r discusses thLe prnirE taedhtrmeod
and its use in detteiin the relative an tsof free canills-r
adsorbeo, and co~ned uwter: descr ibes t-he apparzatms 101Sta-

~ter) and pr-ocecure used; an presents experoental data
giving the per cent unteeabl nrx at nrioc-Z t.*pera~e
for diferent soils. He also. nresents daft showing 'n-%one'cake.
texnperaiaxre relatiwnships: he effect of salts casthe a-- CE
freezable wrater-; and tEhe reainhpbetcten te3-=-e ad -
freezable water.

5.11



BOUYOUCOS, 0. 3. and MCCOOL,-M. M., "Further Studies on the Frevzing
Point Lowering of Soils", Michigan Agricultural College, Experiment Sta-
tion, Technical Bulletin No. 31, Novembar 1916, 51 pp.

A test methoe and procedure, and the priLAple of that method
of determination of freezing p~oint lowering of soils is dis-
cussed, and experimental data are presented. The author dis-
cusses the relation between freezing point and weight of solid
matter and osmotic pressure; significance of unfree water on
determinations; and the effect of successive freezings on lower-
ing the Ireezing point of soil.

.BOUYOUCOS, G. T. and MCCOOL, M. M., "The Correct Explanation for the
Leaving of Soils, Plants and Pavements", Journal of .h American Society
of Agronomy, Vol. 20, N~o. 5, pp. 480-491, May 1928

Three different types of heaving are described and an
explanatdon of the c-suses of or* 'aving is given. The form-
ation of lee crystals and the -.no .ement of soil moisture asso-
ciated with cr.ystal. formaation are discussed.

BCUYOUCOS, G. 7., "Movemnent of Soils Moisture from Small Capillaries
to the Large Capillaries of the Soil Upon Freezing", Journal of Agricult- -
ral Research, Vol. 24, No. 5, pp. 427-431, 5 May 1923

The author presents data showing the effect of alternate freez-
ing, thawing, stirring and standing on the freezing point depre5-
sion of soils. From the data, ha arrives at a hypothesis on the
movement of moisture from the small to the large capillaries.

BVLDGEMAN, P. W., "Effect-of Pressure on the Freezing Point of Water",
Smithsonian Physical Tables, Smithsorian Miscellaneous Collectionz, Vol.
71, p. 200, 1921

T'ble showing the "Effect of Pressure on th -- cmezing Point of
Witter".

CARSLAW, H. S., "Introduction to the Mathematical Theory of the Coaduc-
tion of Heat in Solids"', Dover Publicttions, New York, 1945

Includes a discussion of all the imiportant boundary problems
associated with the eqz-ktion of conduction. In Chapter I the
differential equation of conduction is obtained and some
general theore- s as to its solution are esinblished. Chotpter
11 dtals with Fourier~'s ring. The next 2 chapters xare nevoted
to linear flow. Chapters V and VI deal with Z-dir. - sional
przblems and flow of hea. :an a rectangular paraliaelepiped,
Chapter VII deals with the circu);%r cylinder, Chapter VmI
with the sphere and cone, Chapter IX with sources and sinks,
and Chapter X wit- Green's functions. Chapter Y1 deals with
the use of contour integrals in the solution of the equation
of conductance, and Chapter XII deals with the use of
integral equations iat the solution of the equation of co~ 'uc-
tance.

JAKOB, M. and HAWINS, GEORGE A., "Elements of Heat Transfer and
L Insulation"', John Wiley and Sons, New York, 1242



This boo' :iscusses three kinds of heat transfer; conduction,
convection, and radiation, separately first and in combinations.
A, chapter is devoted to the basic property of thermal conductiv-
iti with particular attention to practical insulatiors. Unsteady
state equations are made clear to the student by some graphical
representations. Dimensional analysis is dealt wi V in the
most elementary manner. Some applications of hest transfer in
experimental engineering and the interdependent, . of heat trans-
fer and surface friction form the subject of the last three chap-
ters.

SCHACK,ALFRED, "Industrial Heat Transfer",John Wiley and Sons, Inc.,
New York, 1933 (Translated from the German by Hans Goldschnidt, Dr.-
Ing. and Everett P. Partridge, Ph.D.)

This book discusses (a) The three ways in which heat is trans-
ferred and the surface conductance; (b) Analysis of the three
mechanisms for heat transfer; (c) Calculations for heat ex-
changers; (d) Heat transfer in industrial furnaces; (e) Heat
transmission and pressure drop; (f) Numerical examples in
heat transfer; (g) Compilation of the most important equa-
tions for heat transfer; and (h) Important physical constants
for heat transfer.

s. RAILROADS

BESKOW, GUNNAR, "Soil Freezing and Frost Heaving with Special Appli-
cation to Roads and Railroads", The Swedish Geological Society, Series C,
No. 375, 26th Year Book No. 3 -- Translated by T. 0. Osterberg. Pub-
lished by the Technological Institute, Northwestern University, Evanston,
II., November 1947

Dr. Gunnar Beskow has devoted most of his life to the study
of frost action o' soils. This publication is a summary of his
studies of the subject up to 1935 and is perhaps the only com-
plete treatise on frost action. It contaLis a historical intro-
duction and discussions of the structure of frozen soil, the
process of soil freezing, heaving caused by the freezing of
water in the soil or suction of water to the frost line, capil-
larity, permeability, groundwater, ground temperatures, and
calculr 'ion of frost depth in soils.

CAPPS, STEPHEN R., "Geology of the Alaska Railroad Region", U. S. Geo-
logical Survey Bulletin 907, 1940

Describes geology and geography of area 140 miles wide and
450 miles long from north to south reaching from Gulf of
Alaska northward into Yukon basin. In-ludes illustrations and
maps.

1 " L, E.M.M., Chief Engineer, "Memo Re Perpetualy Frozen Subsoil Ob-
servations in the Vicinity of the Hudson Bay Railway", Canadian National
Railways, Winnipeg, Manitoba, Canada, Z9 March 1940

This article deals with perpetually frozen subsoil in the regions
of the Province of Manitoba principally encountered during
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construction of a railway. It is pointed out that the southern
boundary of permafrost exists somewhere between latitude
54030. and 5500* in Manitoba. Permafrost in this area may
exist in the form of islands. North of 56030* latitude, perma-
frost and tundra vegetation are continuous. There is a table
showing thickness of permafrost in various parts of Mani-
taba, Northwest Territory, and the Yukon Territory.

t. REFRIGERATION

CARPENTER, MARTIN Ri., "Building Ice Skating Rinks": Refrigerating
Enginoering, Vol. 21, p. 334, May 1931

This article discusses various design and operating factors in-
cluding cooling loads for winter and summer.

HERTER, CHARLES H., "Design of Ice Skating Rinks", Heating and Venti-
lating, Vol. 43, No. 4, April 1946, pp. 57-62

This article reviews the construction features of some rinks,
analyzes operating expenses, and financial returns, presents
data of value to those interested in ice skating rink design.

REFRIGERATING DATA BOOK, "Storage Below 32°F " , American Society
of Refrigerating Engineers, 1943, p. 174

A short article including a table on latent heat of freezing load
* and a table on conductivity of insulating materials.

REFRIGERATING DATA BOOK, "Chapter 20 -- Evaporators and Freezing
Systems", American Society of Refrigerating Engineers, 1940, pp. Z79-284

This chapter deals with various types of evaporators and
freezing systezns and discusses the design of the heat trans-
fer equipment. Numerous tables give information such as
the linear Leet of 1-1/4-in, pipe per ton of ice making capacity
and the theoretical length of pipe cirr.uit and other similar in-
formation needed in the Jesign of heat transfer equipment.
Other parts of this data book deal with refrigeration cycles,
fundamental data, industrial sy.stems, domestic and commer-
cial systems and air conditioning systems. Chapter 11 deals
with load calculatiors.

u. ROADS AND TRANSP3RTATION

AARON, HENRY, "Frost Heave in Highways and Its Prevention", Public
Roads, Vol. 15, No. 1, pp. 10-25, Marc.h 1934

Soil profiles in which frost heave has been observed, and
subgrade, base and drainage designs which have been used
to prevent frost heave are discussed and illustyated.

ALASKAN DEPARTMENT (%J. S. Army, Alaska), "Reconnaissance to De-
termine Feasibility of Winter Operation of the Richardson Highway in
Alaska", 20 D-cember 1943

An iDforma± report on the feasibility of keeping the RichardsonL -Highway open for freighting operations during the winter season,
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the problems to be encountered in such an undertaking, and the
considerations involved, from an engineering standpoint.

B IKKER, M. G., "Fundamentals of Soil Action Under Vehicles", Part Tw,

Technical Memorandum No. 8, National Research Council of Canada, Asso-
ciate Committee on Soil and Snow Mechanics, Ottawa, Canada, June 1947

This paper presents a mathematical analysis of the stability
of a model representing wheel or track of a moving vehicle.
The proposed method of determining a trafficability curve is
based on accepted theories of soil mechanics and represents a

continuation of the work described in Technical Memo No. 6.
A cohesionless medium and the stability of a single wheel or
a single track shoe with or without grouser is alone considered.
The proposed method, however, is general in scope, and may be
easily extended over cohesive soils and several wheels and
shoes.

BESKOW. GUNNAR, "Soil Freezing and Frost Heaving with Special Appli-
cation t. Roads and Railroads", The Swedish Geological Society, Series C,
No. 375, 26th Year Book No. 3 -- Translated by 3. 0. Osterberg. Pub-
lished by the Technological Institute, Northwestern University, Evanston,

Il., November 1947
Dr. Gunnar Beskow has devoted most oi his life to the study
of frost action of soils. This publication is a summary of his
studies of the subject up to 1935 and is perhaps the only com-
plete treatise on frost action. It contains a historical intro-
duction and discussions of the structure of frozen soil, the pro-
cess of soil freezing, heaving caused by the freezing of water
in the soil or suction of water to the frost line, capillarity, per-
meability, groundwater, ground temperatures, and calculation
of frost depth in soils.

BOUYOUCOS, G. 3. and MICCOOL, M. M., "The Correct Explanation for the

Heaving of Soils, Plants and Pavements", 3ournal of the American Society
oi Agronomy, Vol. 20, No. 5 pp. 480-491, May 1928

Three different types of heaving are described and an explanation
of the causes of frost heaving is given. The formation of ide
crystals and the movement of soil rnoisture associated with crystal
formation are discussed.

BURTON, VICTOR R., --Appl :ation of Soil Science to Highway Engineer-
ing", Roads and Streets, Vol. 71, No. 5, pp. 163-5, May 1931

General discussion of correction, prevention of heaves and
treatment of boils. Includes illustrations showing location of
frost action area with respect to soil profile.

CASAGRANDE, L., *'Le5-ons from Frost Damage to Roads", Roads and
Bridges, (Canada), Vol. 60, No. 2, p. 100, February 1942

An abstract of Casagrande, L. "What has the Frost Damage of

Last Winter Taught Us", Strasse, 1940 7(9/10) 193-201.

CLARK, K. A., "Some Examples of Frost Boils Occurring on Alberta

115



Highways", Canadian Engineer, Vol. 69, No. 11, pp. 7-10, 10 September
1935

A discussion oi the physics of frost heaving; the conditions under
which heaving does not occur; the relation of soil classification
type to heaving; and a descripition of frost boil occurrences with
illustrations of soil profiles in which frost boils occur.

CLARK, A. C., "The Alaska Highway -- Effect of Climate and Soils on De-
sign", Civil Engiaeering, Vol. 13, No. 5, May 1943, pp. 209 to 212;
Western Construction News, Vol. 18, March 1943, pp. 105 to 109

This paper explains the unusual soil and climatic conditions that
were encountered during construction of the pioneer road for the
Alaska Highway and their effect on design. It discusses the
difficulties encountered in construction on permanently frozen
ground or ice close to the surface immediately under a heavy
insulating layer of moss or grasses; on layers of ice and frozen
soi; occurring at depths of 3 ft or more; and where an ice condi-
tion 1bnown as "Slaciering" exists. Includes several photos.

EAGER, W. L. and PRYOR, W. T., "Ice Formation on the Alaska Highway",
Public Roads, Vol. 24, No. 3, pp. 55-74, January-February-March 1945

A treatise on the formation of surface ice. Includes discussion
of factors associated with icing and methods to preven7. or reduce
icing on new construction.

ENGINEERING NEWS-RECORD, "Mitigating Frost Action on Road Surface-",

Engineering News-Record, Vol. 104, pp. 1021-1023, 19 une 1930
A staff review of and extracts from the report of the Committee
on Subgrades and Pavement Bases, 1930 convention of the American
Road Builders Association. Discussed are: surface damage from
freezing and thawing; granular sub-bases; and drains and bacKiled
trenches.

ENGINEERING NEWS-RECORD, "Building the Alaska Highway", Vol. 129,
No. 12, 17 September 1942, pp. 4-5

A short article on the construction of a pioneer road for the
Alaska Highway. Includes several photos of the road, bridges
and contractors' camps.

ENO, F. H., "The Influence of Climate on the Building, Maintenance and
Use of Roads in the United States", Highway Research Board Proceedings,
Vol. 9, pp. 216-223, 1929

Charted maps of the U. S. giving winter temperature data and
suggestions for research on frost action.

ENO, F. H., "Some Effects of Soil, Water and Climate Upon the Construc-
* tion, Life, and Maintenance of Highways", Ohio State University, Engineer-

ing Experiment Station Bulletin No. 85, pp. 57-60, November 1934
Brief discussion of capillarity and frost action in subdrainage
of highways in Ohio.

HEADQUARTERS, 925th ENGINEER AVIATION GROUP, "Roads and
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Highways in Alaska", Part I, The Spring Thaw, 30 Yune 1948, Fort Richard-
son, Alaska; Part Ui, The Summer Season, September 1948

Reconnaissance teams from the Headquarters, 9M5th Engineer
Aviation Group, 807th Engineer Aviation Battalion, and the
813th Engineer Aviation Battalion, began gathering information
concerning conditions of roads and highways in Alaska during
the spring thaw of 1948 on 1 April. Information was obtained
from actual observations made during 5100 miles of traveling
in Alaska. In general, conditions of the roads throughout
Alaska were found to be very good. However, there were
sections of the road that were impassable at times. The worst
piece of road was found on the Palmer Highway connecting An-
chorage and Palmer. The second poorest stretch of road in
Alaska was the road between Fairbanks and Eielson Air Force
Base. The following highways were investigated: Palmer,
Glenn, Richardson (Valdez to Gulkana), Richardson (Gulkana to
Big Delta), Richardson (Big Delta to Fairbanks), Slana-Tok,
Alaska, and Edgerton Cutoff, Steese Highway and Eliott Highway.
This report is illustrated with excellent pictures showing the
methods used in taking care of icing and other work necessary
in Alaska to maintain traffic.

JOHNSTON, It. W., "Speeding up the Alaska Highway by Aerial-Survey Meth-
ods", Roads and Bridges, Vol. 80, No. 11, p. 17, November 1942

Brief coverage of the planning, location, construction, and
economics of the Alaska Highway. Army's task to construct
road from location to actual construction. Schedule set for
completion. Aerial surveys aided in location when work began
to lag behind schedule. Air surveys were used to locate gravel
deposits when needed, and access roads were built to them.

MAIERSPERGER. WALTER P., Major, Air Corps, Technical Observer.
"Canadian Winter Exercise 'Musk-Ox' ', 1946 October, Air Materiel Coin-
mand, Wright Field, Dayton, Ohio, Confidential

Exercise Musk-Ox was a mcivement of ground vehicles supported
entirely by air. It has as its objective three broad subjects:
(1) Air Force cooperation in the Arctic; (2) Evaluation of over-
snow vehicles under winter conditions; and (3) Certain techni-
cal and scientific research projects in the Arctic.

MILLER, H. H. and SMITH, D. N., "Prevention of Frost Heaving in Roads",
Roads and Streets, Vol. 78, No. 8, pp. 273-4, August 1935

A review of the author's report in Roads and Streets, VoL
77, No. 6, pp. 219-221, June 1934, and description of addi-
tional experimental test sections to determine the effective-
ness of treatments of existing heaves by drilling holes through
the surface and backfilling with calcium chloride and gravel
Includes cost data on drilling holes.

MILLER, H. H. and SMITH, D. N., "Methods for Prevention of Road Failures
Due to Frost", Roads and Streets, VoL 77, No. 6. pp. 219-22i, June 1934

This article presents a plan for correcting irost heaves in
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roads in service by digging 1-ft-diameter by Z-ft-deep holes at .
4- to 8-ft centers in the road and backfilling with pea gravel and
calcium chloride. Good results are claimed.

MONTGOMERY, R. H., "Precise Levelling on the Alaska Highway", Trans-
actions, American Geophysical Union, Vol. 29, No. 1, February 1948, Pub-
lished by National Research Council of National Academy of Sciences,
Washington, D. C.

This paper presents the history of precise vertica&1 coatrol in
Alaska and the Yukon; discusses particular problems encountered
in bench-mark construction and description when working in the
northern latitudes: and comments on the evidence indicating
regional earth movement.

MORIARTY, C.. "So You Think You Have T;ansportation Problems",
Pacific Builder ard Engineer, Vol. 51, No. 5, May 1945, pp. 52-55

How Lytle and Green moved equipment, supplies and men to
CAA project sites in the primitive Alaskan interior despite
some of world's toughest natural barriers of weather, waer
and terrain.

MORTON, JOHN D., "The Applicatioh of Soil Mechanics Z Highray Foun-
dation Engineering", Proceedings, International Conference on Soil Mechan-
ics and Foundation Engineering, Harvard University, Vol. 1, pp. 243-7,
22-26 June 1936

Discussed are: frost heaving as related to the various soil groups
of the New Hampshire State Highway Department and Public Roads
Administration soil classification systems; the , se of the soil str-
'ey in locating frost-susceptible soils and soil conditions: provid-
ing data for design of subsurface drainage systems, and locating
base .. aterials, etc. Typical sections of the New Hampshire,
S.H.D. soil profile showing information as it is presented to
design and construction engineers are included.

PUBLIC WORKS MAGAZINE, "Preventing Spring Breakup of Roads", Pub-
lic Works Magazine, Vol. 75, No. 8, p. 18, August 1944

Description of a method of introducing calcium chloride into
holes in the subgrade to prevent spring'brea&up.

RICHARDSON, HAROL ° " W., "Alcan -- America's Glory Road", Engineer-
ing News-Record, VoL 129, No. 25, 17 December 1942, pp. 83-96

Part I -- Strategy and Location. This is the first of a series
of three articles on the Alcan Highway. This article tells of
the purpose of the project and describes the route location.
With regard tz permafrost, Le follow!ng is quoted from the

- - article: "Other troops, working in the northern sectr- of the
highway, learned to leave permanently frozen ground alone.
They learned from experience it was best to leave the humus in
place as insulation, vo cover it up with brush and trees cleared
from the site, then fili over the whole for the road." Included
are numerous photos en a map of the route of the highwmy.
"Alcan -- Amrcica's Glory Road", Engineering News-Record, Vol. 129,
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A ~No. 27, 31 December 1942, pp. 35-42
Part 11 -- Supply, Equipment and Camps. This is th-1, second of the-=4 Alcan Highway series. This article Fills of the problems of supply.
how equipment, materials and supplies were gotten into the wilder-

ness and distributed throughout the project. Also describes liv-
ing and working conditions of the road camps and headquarters,

and the difficult equipment repair and maintenance problems. In-
cludes numerous photos of equipment and camps. and one photo
of the prmanently frozen ground.

__ "Alcan -- America's Glory Road", Engineering News-Record, Vol. 130,
No. 2. 144 January 1943, pp. 131-138

-~ Part Ill -- Construction Tactics. This is the third and concluding
article of the Alcan. Highway series. This article describes actual
coinstruction oper.ations, how the Army put the various regiments
on the project and attacked the work, how the contractors -worked,
and how the bridge and drainage problems were solved. Includes

4 photographs and a map of the route of the highway.

7$ RICHARDSON, HAROLD W., "Alcan -Highway Diary", Engineering News-
'Record, Vol. 129, No. 21, 19 December 194Z, pp. 54-53

I The following is quoted from Mr. Richardson's d ary -with regard
to permafrost: "Whitehorse, Y. T......... Oct- 21. 1942........
Interesting construction over perpetually frozen ground. Per-
manent frost here is 12 in. below suriace. Rather than try toI. disturb it, the procedure is to leave the moss and humus in
place, fell the trees and brush acrosa the line as further insu-
lation, then fill for the road on top of the brush and tre'Ts. Diffi-
cult to find enough unfrozen znater--al for fill, but they are getting
most of it out of slide '.3anics and side-hill cuts."

RUCKY-1. ROBE IT. DR., "Frost Damage in Highway Siibqrades". Strasse
und Verkehr, Vol. 29, No. 19, pp. 311-318: No. 20, pp. 33Z-9; No. 21, pp-

34-53 o 2,pp 5-64; No. 24, pp. 388-96: No. 25, pp. 397-402; 1943

(Translated by H. B. Ed-wards, Engineer Dept. Research Center, U. S.
Waterways Experiment Station, Vicksburg. Miss., August 194-4)

A long and informative article arranged in 7 parts. ()Types
of ice in so-Il; (2Z) The meclianics off frost heaving; ()Frost condi-
tions. in Switzerland; %(4) Tempeiature conditions. in the soil; (5)
Frost pene-tration in the soil; (6) Theory of frost heaving; and

()Field experiments.

SOURWIINE. 1- A., "A Method of -AnalYsis of Data on Frost Occurrence for
use in Highway Design". Plublic Roads, VoL UI, No. 3, May 1930, pp. 51-6t)

A statistical study of intensit duration and frequermcy of low
tempereture occurrence over a perio-d of years and a suggested
method by which climratological records mray servwe as a guide in
the determination of probable ground fre-zing occurrence-. Dis-
cusses: sou-rce of data; szxitability of absoluie mix-inxuz iempera-
tures: critical air ter'nperature for ground freeezing; cxiftical depth
of ireezing; critical soil temperature for freezing.- relation bet,= een
nrllIMU1 temperature ina air and in s~il; firequency of mnimum

tempaeratureE: critical value of lowest monthly average of daily
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nm'inimnum temperature; effect of precipitation; and effect of dura-
tion of cold.

SPNLER, W. H., "'Drainage on the Alaska Highway". Roads and Bridges, 5
Vol. 82, No. 1, Sanuary 1944

General discussion of drainage problems encountered on Alaska
Highway. Drainage characteristics not known and control was
based on judgment. Errors were corrected in the following year.
"'Glaciers" on rivers caused problems (IMacDonald Creek
'*glacier"' covered the bridge spanning it). Tundra and mass re-
stricted a-unoff; gravels, glacial fans allowed seepage and posedFI
no drainage problems. Seepage particularly bad on sidehills
where it is likely to cause landslides and road failures along
with "glaciers". M'vany original bridges were o-ily tempsrary
structures that were to be replaced. A few permanent s ruc-
lures. w-7e built.

SPINDLER. W. H., "Second Year of. Building the Alaska Military Highway";
"Drainage Problerrs. on the Aklaska Highway"; "Ctonvoy to Alaska"; The
Highway Magazine, November-D±ecember 1943, Vol. X=XV

An interesting discussion of construction af the Alaska HigEhway
showing the problema encountered but very litte on permafrost-
Drainage problems are -the princival items of interest. Notes

- - about traffic using Alaska Highway and whaz tourists may expect.

STURDEVANT, CLARZINCE L-, Brig. Gen.. "U. S_ Army's First Official
S;tory of the Alaskan Hirghway". Roads and Bridges, Vol- 81, No. 3. March
1943

A general over-all picture of U. S. Army operations on the
personne Hiedwar Soedetail Masy tohotogras aqipen. a and
Alaon sea iha.Se eetil Masy ptogrethoseupn. and
sketch maps used to show -progress.

TABER, STEPHEN. "Freezing and Thawing of Soils as Factorrs in the De-
struction. of Road Favemnents", Public. Roads, Vol 11. No. 6. August 1930.

n~. 113-132
A4 sM.arv Of Taber's com prehensive studies of frost action in
soils. Apparatus and test methods are described. Freezing
ef fects in closed and open systems; direction of growth of ice
crystals: grain size; soil composition; water sapply; rate of
cooling; effect of load pressure; ti-e mechtics ef irost heaving
in open sy-stems; and freezing and 1havoing of soas under pave--
ments are discussed.

TABER. STEPHEN, "Some Problems of Road Constructiou and Maintenance
~iiAlas-a," Public Roads, VoL Z3, No. 9,- up. 247-25i, !7Uly-August 14

Origin, extent addescripto of perennia 11y, frozen ground and
a review of tbe author's theory of segregation of water in the form.
of icli dur-ing fr-eeZins of SOBlS.

WAR D'EPARTIMEINT, "Construction of RunWys. Roads and B.AlA;-Es on
Permanently Frozen Ground", Technical Bulei TB 5-255-3, January 1945
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Discusses methods and equipment in detail.

WILLIAMS, G. A., "Winter-Maintenance Problems on the Alaska High-
way", lioads and Bridges, Vol. 81, November 1943, pp. 27-30, 58-59

WILSON, T. T., "Methods and Equipment Used to Keep -Manitoba's
Roads Open in Vinter", Engineering and Contract Record, VoL 57,
9 Anlyust 1944, pp. 28, 29 and 48

WINN, H. F., "Frost Action in Highway Subgrades and Bases", Proceed-
ings, Purdue Conference on Soil Mechanics and Its Applications, Purdue
University, Symposium on Frost Action, pp. 444-457, 2-6 September 1940

Review of fin-dings of previous investigations and theory of ice
segregation. Also results of labor&tory studies on frost action
in treated and stabilized bases and a discussion of means of
preventing frost action. Discussions by Morton, Tremper and
Stokstad. Selected bibliography.

v. SEWAGE DISPOSAL

FARRELL, 3. W. B., "Winter Precautions at Regina, Saskatchewan", Water
Works Engineeriag, Vol. 98, 26 December 1945, pp. 1501-Z0

This article discusses the problems of water works mainte-
nance at Regina.

HURST, W. D., "How Winter Prz4iiems are Handled at Winnipeg. Canada",
Water Works Engineering, Voi. 98, No. -5, 12 December 1945

n'is article discusses water works mxaintenance at Winnipeg.
Author points out trouble developed with one tye of ydrza

necatse condensation moisture collected beneath operating
nut and -roze onto itts bearing. Other operating experiences
reconnted.

ROCHE, M. A-. and MITCHELL, MA. R. C., "*Water Works and Sewage in tie
Far North", Public Worka Magazine, August 1948, pn. Z1-23

A. Unusual Distribution SYstem at Flit Floa, Manitoba, by
3.1. A. Reche. Peranent f ost exists 1are between I and
16 ft below the surface. Water puma-ped through 13,000 11t of
ZO-in. woodstave pipe has not frozen in 18 years. Heating
required on oeoccaC!:n. Storage tanks and utilidors for
distribution are stean hea'ed. Distribution lines are in
4000-ft circuits in whict watr is cir.Lu l continuous.iv
S!a ,, is used to hold temperature at not less ta 38" F.
B. Water and Sewerage at Sherrdcn, Ma-itoba, by MR-C.
Mitchell. Water m-ains and sewers are laid close toVether
in trenches about 8 ft below the grovnd su-rface or iogeth-er
with steam- pipes on the snrfce in wooden boxes mackeid with
sawdust. The water rains are discharged into the dead end
of sewers to prevent freezing. Sewers lai in boxes are cast
iron pipe a-d those bried in the ground are vitrified clay- The
cost of heating the pipes in the boxes is a-ite Bhh. Boxes in-
closing pipes in general are large en-ugh to pe--.mt a nun to
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work inside without opening the box from the outside.

W SOILS INGLUDING GROUND TEMPERATURE

AARON, HENRY. "Frost Heave in Highways and Its Prevention", Public
Roads, Vol. 15, No. 1, March 1934, pp. 10-35

Soil profiles in which frost heave has been observed and sub-
grade, base and drainage designs have been used to prevent
frost heave are discussed and illustrated.

ABBE, C., "Ice Columns in Gravelly So.l", U. S. Dept. of Agriculture,
Weather Bureau, Monthly Weather Review, Vol. 33, No. 4, pD. 157-8,

April 1905
Description and explanation of the phenomenon of slender
columns of ice (needle ice, hoar frost) found at the surface of
gravelly soil in moist plates after a c-earcool niihl

AL-EN, HAROLD, 'Report of Committee on Warping of Concrete Pave-
ments", Proceedings, HihwA-v Research Board, Vol Z5. pr. 199-250, 1945

A description of concrete pavement details and the.r relation to
distortion of pavemnent (high -oints) die to frost action ; aztifi-
cially produced high ;oints; o-int drains; oil and tr treated sub
grades; selected low vol--.e caange base concses and -ainte-
nance of joints as related- to fros action and !±ign to-nts.

A....LEN, HAROLD and JO-HNON, A. W., "The Results of Tests to Deterw'n--e
he Expansive P-onerti-s, ofzol"Poedng.W-a 'Ba

VoL 16, pp. 220-33, 1936
Conden-sed report of a comprehensive study of the swe lig
characteristics of five Kansas sols-Icludes data on -Vo17=e
-bm ge on repeated -reezi-g and thawing on

A'ERICAN SOCIETY FOR TSTILNG TRLw, "Pocdue for Tt -
zn oils, September I?!!,-f _760 S. Broad StL. Philadel phia, Pa.
This publication br:s tneth-r ; conven-ent for-. --- otIts
methods of testing soils now in cur-ent use- Incl.ded are
mnethods adopted as Standard or Tentative Standza -, by the
American Societ fr TLsting Materials. -n: 3 surgest,_-
m-ethods of test for soil -and soil mi-xtres. ire suwrested

rn.etiods navre no ofica 's L"'th- -sceicty !tey renpresent
av-"ble test proced et-es a hav been useui w-;t- s*.-c d _ree
of success for- the detezr~-miztinns in questlin- and are p'rnT&l

intivublication onyas ifrato.Thze soilf test:1.0 .rocedres
fall into S r e s each pertanzoa -atcular& tvn o
so testing as follows: Part I -- Indicator Test-s- on Soils;
P-rt 1 -- Com action Tests on Sois:
Part -1 -- Strength stn Soils: Pat- WI -- Tests fr Soil-

Cmt;and- Pa-rt Vy -- Tests for Sc~l-3Binonuls Mixtur=es.

ADE1SON, A- B- C! fERJ. ant...
Mois-ure Conditions a - -e in Frozen SOIlS" Tra-s-actions. -mnr-
-can Geophysical Union. Pt. 2,. 35i3fl, 1942



A tl'eoreiicaj discgsnion of exeuetl mti-Ae- Of =M-easo-r

t~e tnn~ertureat which soil! rnoistire fre!ezes; nereai=
anong t=e Tnoyaic aalso iate under diffLeent
conditions of frejcy mg soll inostre ec.L' taOf
the- effect of presscre onM the feigpoint, -:;d its as' li;ca-
tics to relatirely SOVCS~4J -- g Claiajus ,J.

eiqation; and- mo"vesrent OEf SOil moisnare In r-elation to- f-cmezino
plaezomena in soils- BibliogrW~

ARMCO CULVA=1142 r'NpLt-ANrn Il ~
vert a--- D&=-i F -aic 4 1 %_5

rressnare dciv _f froff Meto- frnres an-d-e 4f5t- action=4

theory off fc-st Jhean.

nlwZina. W..-Came and tio = 7H-v- mdLe 'm

t'c rera, aa a - --

W 2-2, 2731 1124

ictesz dEaa On sol !enperaues umader czan'crete nwrc

ag-c , 6~gneama n In -:F -_e-r

Reszat cUfeld stod Of ?651 bitniios cam__&_ a--e--

U_.c -Zf-e os acti-~ .L- ..tz -. czc- sur are

it; -- - a - - cm l

deth tof irost r r--tie-ion Om 2zlot cl jar-I--. tV-3 zai
zept tree

A CM on! ir-= tortom of c This refe-rencez- ertain to
ta_ nar' _ n% tcxt x- Lcb jptalc r'thz !the th-r Q t- znzo

--t nt _= a4 t!;e .-'ccai~te wssso

a
5

.ttb~tas :crd%

gee.VoL 33 ;m-zI -' r -1

!bzlart -- e:c s awbref discwsi'a rtrnfrsc*_4
thrateime Pasul tict~ o-. c! ~ ca,~~ p~

sosed toes St. P.-4 Swra i- nh~ O_ ma a - 4.- -=



ice fo-rnations.

BAVER, L. D., "Soil Physics", 370 pp., 1940, john Wiley and Sons
Discussion of effect of freezing and thawing on soil aggregation;
relation of soil color to temperature; thermal properties of
soils (specific heat, thermal conductivity, heat capacity, thermal
diffusivity); theory of heat flow; soil fact-rs affecting heat con-
ductance; and daily and seasonal changc.s in soil temperature.
Bibliography.

BECKER, G. F. and-DAY, A- L., "The Linear Force of Growing Crystals",
Proceedings, Washington Academy of Sciences, Vol. 7, pp. 283-288, Suly
1905

The authors found it practicable, in a -aturated alum solution
at a constant temperature, to grow clear crystals a centimeter
in diameter which would raise a weight of o;ie kilogram a
distance of several tenths of a millimeter. Similar results

were obtained with salts of copper, potassium and lead.

BEKKER, M. C., "Fundamentals of Soil Action Under Vehicles", Part Two,
Technical Memorandum No. 6, National Research Council of Canada, Associ-
ate Committee on Soil and Snow Mechanics, Ottawa, Canada, June 1947

This paper presents a mathematical analysis of the stability
of a model representing a wheel or track of a moving vehicle.
Thr proposed method of determining a trafficability curve is
based-on accepted theories of soil mechanics and represents
a continuation of the work described in Technical Memo No. 6.
A cohesionless medium and the stability of a single wheel or
a single track shoe with or without grouser is alone- considered.
The proposed method, however, is general in scope, and may be
easily extended over cohesive soils and several wheels and
shoes.

BELCHER, D. T., "Subgrade Soil Temperatures", P-oceedings, Purdue Con-
ference on Soil Mechanics and Its Applications, Purdue University, Symposi-
um on-Frost Action, pp. 474-482, 2-6 September 1940

Data on and discussion of influence of air temperatures, propaga-
tion of temperatures, temperature and frost penetration in soils.

BELCHER, DONALD I., "The Engineering Significance of Soil Patterns",
Engineering Experiment Station, Purdue University, Lafayette, Ind., De-
cernber 1944, Reprint No. 13 from Proceedings of the Twenty-third Annual
Meeting, Highway Research Board, November 1943

The term "soil pattern" is used in the comprehensive sense
that includes not only the color pattern of soils but the numerous
other factors recorded in an aerial photograph that are influenced
by the soil. When properly evaluated, they indicate the engineer-
ing properties of the soil. This work stems, in a large measure,
from an engineering evaluation of pedology -- the science of soil

formation -- and its upplication to the problems of highway design,
construction, and mntenance. Its subsequent use in airport site
selection has permitted an analysis of the soil pattcrns and their
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signifficanue in areas existin- under a wide range of soil, parent
material, and climatic conditions. Inasmuch as pedology is an.
important phase of photo-interpretation1 a simpiffied formn ihat
may be tern-ied- engineering pedology is idiscu_-se'i from the
standpoint of subgrade problerns. A number of extensive soil
areas are described in detail and test data showig their uni-
iormity are presented. Photographs of ihesep4 reas are in-
cluded to illustrate their respective patterns. The data show
that Vhe soil pattern has engineering significance -and that it
indicates the conditions that affect the location and constr.uc-
tion of highways and air-orits.

BELCHER, D. J., GREGG, L. E. ai-d WOODS, K. B., '*The Formation, Dis-
tribution and Engineering Characteristics of Soils", Purdue University,
Engineering Bulletin (Research Ser. No. 87, Highway Research Bulletin
No. 10), pp. 125-1--Z, January 1943

Discussion of frost action and its relation to -iature of glacial
drift, pedologic scil series, soil structure andl to damage
occurring dulring the frost melting period. Bibliography of Z14
published works.

BELOTELKIN, _K. T., "Soil Freezing and Forest Cover", Transactions,
American Geophysical Union, P-t. 1, pp. 173-5, 1-941

Depth of and time of soil freezing and rapidity of thawing as
related to type of forest cover, effect of snow cover, forest
litter, natural internal soil drainage and soil-texture on frost
penetra Lioai.

B ENKELMAN, A. C., "Studies ol' Frost Heavies in Michigan", Roads and
2 Streets, Vol. 71i No. 7, pp. Z72-6, July 11931

A condensed version of p'y~ers by Burton and Ben]kecman,
Proceedings, Highway Research Board, Vol. 10, pp. Z59-275,
1930 and Benkelrnan and Olmnstead, Proce.-dings, Highway
Research Board, Vol. 11, Pt. 1, pp. 152-165, 1931. Also
similar to paper by Benkelmart presented at the 17th Annual
Conference on IMighway Engineering at the University of Mich-
igan, 19 February 193!.

BENKE"MAN, A. C. and OLMSTEAD, Fa. R,"A New Theory of Frost Heav-
mng", Proceedings, Highway Retearch Board, Vol. 11, Pt. 1, pp. 15Z-165,
1931

A new hypothesis on the inechanics of frost heaving based upon
a fluctuating frost line.

BENKELMAN, A. G. and OLMSTEAD, F. R., "The Cooperative Project on
Structural Design of Non-Rigid Pavemnents", Proceedings, Highway Re-
search Board, Vol. 26, pp. 13-25, 1946

Progress report, including data cin relationship between weather
conditions, moisture cntent, density and Yxiaximum V-I (vertical-
lateral pressure in triaxial test) for subgrade soil samples taken
under the base course.
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I3ENINEI'T, E. F., "Frost Action in Soiis". Prliceedings, Purdue Cunference
on Soil Mechanics and Its Applic-4 :orn5, Purdue University. Syrnposiuo
Frost Action, pp 471-3, 2-6 Septtezi~er .940

Discussion or frost heave around culverts, drainage and the
use of the soil Survey for locating frost-susceptible soils arid
Soil conditions.

BEROGREN, W. P., Prediction of Temperature Distribution in F~iazen
Soils", Transactions, American Geophysical Union, Pt .3, pp. 7 1-77, 943

Theoretical analysis of tempzrature distribution in frozer.
soils. -Included are: analyrsis of an idealized system. solution
of examples and spe'-ial adaptations of the analysis.

B&SKOW, G., "Prevention of Detrimenta_- Frost Heave in Sweden", Proceed-
ings, Highway Research Board, Vol. 18, Pt. 2, pp. 166-70, 1938

A classification of heave and frost bc'il characteristics based
on type of oa.-ement an-i '- description of measures used to
prevent damage by iroist. Preventive measures described ar.-
the use of insulation and deep drainage. The depth of drains

ZZ necessary to prevvcnt detrimenttl frost action; the basis !cr
selecting type of treatment; the use of additives; testing
methods; and criteria for Susceptibility of soils to frost heav-

Z ing are discussed.

BESKOW, GUNNAR, "Scandina, .a&n Soil Frost Research of the Pa~i Decade".,
Highway Research -Board, Proceedings of the 27th Annual NMo1eting, 1947,
pp. 372-381

Fundamental research work, dealing with conditions and mechanics
of frost heave and frost boils and with methods for preventing
and counteracting them (b)"se exchange, isolation, deep drainage.k
etc.) was completed- prior to 1935. A formula was written giving

Z frost-heave speed as a function of load pressure, groundwater
depth, and fundamental soil pro~erties; capillarity, permeability,
etc. In the -past decade (1937-1946) the principal advance in
this field has been the result of the comprehensive Norwegian
investigation on frost depth as a function of temperature condi-
tions and material -3roperties. The paper describes this work
and contemporary Swedish research in frost action. The effect
of soil stabilizing chemicals on frost action is reported.

BESKOW,_ GUNNAR, "'Soil Freezing and Frost Heaving with Special Appli-
cation to Roads and Railroads", The- Swedish Geological Society, Series C.
No. 375, 26th Year Book No. 3, 1935 -- Translated by J. 0. Osterberg. Pub-
lished by the Technological Institute, Northwestern University, Evanston,
Ill., November 1947

Dr. Gunnar Beskow has devoted most of hiE life to the study of
frost action of soils. This publication is a summary of his
studies of Cie subject up to 1935 'ird is pethaps the znly com-
plete treatise on frost action. It contains a historical intro-
duction and discussions of the structure of frozen soil, the pro-
cess of soil freezing, heaving caused by the freezing of water
in the soil or suction of water to the frost line, capillarity,
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can we convince truck~ nwners and operators that load restric-
tion~s during the brekup eid are in evtryone's intaercst?"

BLACK, ROBERT F., '"Perrnafrosi P-. --- am -- Progress Report INo. -7.
Permafrost nvestigatio:n at Poirnt Spencer, AUSaka' U. S. Geological Surx-
vey. 1946

Report on an investigation of the regicrnal geologic tsof

aermafrost As related to military engneering problems, 1:
ticularly-. in regard to selection of airf ield sites, sey that ultimate-
lv criteria can be established fcor the accurate forecast of the
problemns and conditions which will be encountered in pernia-
frost areas of posible military interest that are inaccessible to
ground reconnaissance- The immediate aim of the invesigation
.at Point Snencer was to determine the geologic and permafrost

a conditions with special emphasis on groundwater.

BLANCHIARD, A. H., "American Highway Engineers Handbook", pp. 440,I
451. 923, Iohn Wiley and Sons, New York, 1919

Subdrainage and-failures due to frost action.

BODMAN, G. B. and DAY, P. R., "'Thermo-electric Method of Determining aa
the Freezing Points of Sois'*, Proceedings, Soil Science Society otT merica.,
Vol. 2, pp. 65-:?1, 1937

The authors state objections to the commonly used method of
determining freezing points of soils by means of the Beckmian
thermometer and describe equipment for thermoelectric measure-
ment of freezing points. Zxperimental data on the effect of
precooling temperatures on the freezing point and data -on free7--
ing point depression-moisture content relatiornsnips are given.

BOUYOUCOS, G. J., "An Investigation of Soil Temperalures and Some of
the Factors Influencing It", Michigan Agricultural College, Experiment
Station, Technical Bulletin No. 17, February 1913, 196 pp.

The results of heat conductivity experiments on natural soils
dat I(gravel, sand, loam, clay and peat) and th,, effect of snow cover

on soil temperatures. Also given are data on the freezing proint
of solutions in sand and on the effect of various admixtures on
the rate of rising and lowering of temperatures.

BOUYOUCOS. G. J., "Effect of Temperature on Movement of Water Vapor -

and Capillary Moisture in Soils", Tournal of Agricult ral Research, Vol. 5,
No. 4, pp. 141-172, 25 October 19151~ Test apparatus, test methods, experimenatal data and theory of

movement of moisture from warm soil to cold soil at various
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iniilmoisiare contents. Includes data on both vapor x-ove-

Ne Mea~ oMeasuins L-etwCn tcentration of the oil o i-efyi

theYUC)S 0.3. "ol emeatreMichigan Agricultural College, apaneStiTchcl
£pim tSttoTcnclBulletin No. 24, Deanuary 1916,j *33pp

7h,- author reviews his previous work (Technical Bulletin No. 17,
li4 Z3) on specific heat and conductivity tests and presents, volumi-
nous idil. torperature data taken during 1913, 191.4 and 1915. H
also iscusses the effect of meteorological elements on the soil
tempers'- ule; daily and nmonthly maxidmum and m-inimum temn-
perature, the monthily amnpliude. and the degree of amp~litude
for different depths and-the law it follows.

BOUYOUGOS. G._ J. and MCCOOL, M. M., 1'Further Studie.b on Vhie Freez-
ing Point Lowering 31 Soils". Michigan Agricltural College. Experimnt
Station. Technical t3ullen No. 31. November 1916, 51 pp.

A test Method and procedure, and the -principle of thait method
of determination- c freezing -point lowering of soils is discussed.
-and experiment&I e. :ta are discussed. The author discusses the
relation-between '-aezing point and welght -of solid matter and
osmotic pressure; -ignificaruce of unfree water o r determinatin;
and the effect ef succ wssive ireezings on lowering the freezing
point of soil.

-BOUYOGUCOS, G. T., "Measurernent of the Inactive or Unfree Moisture in
the Soil by Ideans ai the bi"*temeter Method", Sournal of Agricultural Re-
search, Vol 8, No. 6. pp. lUC 3-217i 5' February 1917

Two methods (the freezir.' point and dilatometer methods) are
presented for determinin&, the freezing point of moisture in
soils. Their relative valut in measutrement of the "unfree"
moisture is discussed. The -pr!incipYes of the methods are
discussed and data are presented showing the percent of
water which fails to freeze in various soils at a given temn-
perature.

BOUYOUCOS,-0. 3., "Classification and -Measurement of the Different Forms
of Water in Soil-by Means of the Dilatometer Method", Michigan Agricultural
College, Experirnent Station, Technical Bulletin No. 36, September 1917,
48 pp.

The author- discuases t1~e principle ofthe dilatometer me~hod and
its use in determining the. relative amounts of free capillary ad-
sorbed, and combined water; describes the apparatus (dilatorneter)
and procedure used; and presents experimental. data giving the
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percent nfieezable water at various tempe-atuires !or diffeent
sois. He &'-So presents data saowing 'vlmechatnge, tempera-
'ure rel.i'-Lp; tie effect of talts OIL 1te ixnbut of f4reezale
water; anci exe r oebtee, texre and unfreezable -Water.

BOITOLIGOS, G.7 I.Dgree of Temp erature io Wh~ich Soils Can Be Cooled
W~thnt r~eing"Iounalof Agricultural Rese.rcla, Vo1L 20. No. 4,pp

267-269, 15 November 1920
Te results of experimemtml stu-dies to 6Latermn the limit ofZ

supercoolng which soils can resist without freezing.

BGOUYOV<C{ S, G. L. "GA New Classification of Soil Moisture"s, SoilI Science,
VoL. 11, No. 1, pp. 33-47, January 191

The author. o~the basii't of past-rezearches- (listed ir- this
bibliography). classified soil wt-ter into-groups on the basis of
its freezirZpoinLt

BOUYOUCOS, 0.. axu NMCCOOL, M. I&. "A Study of the Calzses of Frost
Occurrence in Muck Soils". Soil Science. Vol. 14. No. 6. pp- 333- 399,
November 1922

The authors present air and soil termperature data and discuss the
effect of zoi1 color diff~races in temnperiature of air -4t various -
elevations above- grouu4; differences ixi specific heat-by voiwnte of
soil; and differences in heat conductivity of soils on the occurrence
of frost in muck soils.

EOUYOUCOS-, G. 3T.. "Moviment of Sails Moisture -fromn Snmal Car-ilkari
to tbe Large Capilluries-of the Soil UponFreezing7, Journal of Agricul-

- tural R~esearch. VoL -24, No. -5.pp 427-431, 5 May 1923-
The author presents data showing the-effect of alternate
freezing, -thawing, stirring and standing on tbe freezing-imowt
depression of soils. From the data, be arrives at a hypothesis
on the movement of moisture from the small to the large
capillaries-

BOUYOUC.S G. 1. and MCCOOL. M. M., "'The Correct Explanation for the
Heaving of Soils, Plants and Pavements", Iourna1 of the American Society
of Agronomy, Vol. 20, No. 5.p.480-491, May 1928

Three different typer. of heaving are descriloed-and an explana---
tion of the causes of frost heaving is given.' The formation of
ice crystals and the movement of soil moisture associated
with crystal formation are discussed.

BOUYOUCOS, G. L., "A New Electr ical Resix tance- Thermometer for Soils",
Soil Science, Vol. 63, No. 4, pp. 291-298, April-1947; Ighwaty Research
Abstracts, No. 141, p. 4, May 1947

Description of 2 new types of liquid electrlcalresistance ther-
mometers fc~r measuring soi.L temperaftre uander field conditions.

BOUYOUCOS. G. T. and MIUCK, A. Hi., "Improvemnt nthPlastro ai

Absorption Block Electrical Resistance Method for Measuring Soil Moisture
Under Fiteld Conditions"*, Soil Science, Vol. 63, No. 6, pp. 455-465, Tune 1947.
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BRYAN: M .o- opt- y T -- - d- o! " - cw-r -rt -

Scrsce o ,-46L- .aU- eL,0-

Cryopedology is uggesed as- a suitable name for iL- subscien-ce
concerned with he swtvy, both theoretical " =racEa--l, of
intensive rosit-action md perttane-ny " frozen ground Sixteen
other IE-s are also introduced and defined. Of these the imn-

mnof.et pargelisol, permriarvty frozen ground, a-d
moliso, the overlying seasonally & --ate ground -n rhicn in-

- tene frosat-action occurs. it is beleved that these and the
bther suggested terms -will facitate-discussion of the problems
of the Arctic -'5d of the anciet frost-action of Peigcsa adeyreas.

BRYAN, KIRK, "The Study of Permaknently Froze= Ground and Intensive
Frost-Action"1 The Mlitary En groiner, VoL XL, o- 273, pp. 304-308

ryopedology is suggested as-a s..table nme for the suhscierceI concerned with the study, both theoretical and practical, of
inte-aeive frost-actitn and perma-ently frazen ground. Sixteen
other ter s are also introduced and defined. Of these the in
portant ones are per gelisol, rennanently rozen gortoui, and

mnollisol, the overlying seasornl y thawed ground in which in-
tensiv e rost-action occurs. Comments on tFhe suitability of
Professort Bryan's terminology follow the main article.

BUCKL TEY, Es p., "Ice Ramparto",i Transactions. Wisconsin Academy of
Sciences, Artp and Leters, VOL 13, Pt. , pp. 141-157, 1900

Diurnal and weekly temperature chnges cause expansion of ice
*and shoving up of ridges of sand, gravel and. boulders along
shores of Wisconsin lakes. he ihenomena are described and
causes given bt attempt ismade to prescribe criteria or
miethoads to prevent or alleviate damage from ice thrusts.

BUETOW, W. 0., "Causes and Control of Tl aging Frost Action in
Shoulders and S obgrades', Proceedings, .ieh AnnualAsphalt Paving Con-
ference, The Asphalt Association and Association of A sphalt Paving Tech-
nologists, pp. 146-151, 1929

General description of the action o'i frost boils and-methods used
in their eradication.

BIJRICE, M. F., "Soil Temperature in the Mattancska Valley of Alaska!%
Transactions, American Geophysical Union, Part Ilj 1943, r-151

Relates-to temperature above freezing and for depths of
0-2-4-8 inches.

BURTON, V. R1. and BENKELMAN, A. C., "Frost Action in Silt Soils De-
fined by Field and Cold Room Studies", Enxgineering News-Record, Vol. 106,

k No. 7, pp. 266-270, 12 February 1931
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This aflicie 1 s-m;Ir to 44t*oolication Of Soil Sciene to
Hina m~gneng 7 b V.. R. --.. on. Roads and Srets.
V--", T!, No. -- . p _ ---- 5,"- -....y " ,+- .

.UTo", VICOR R=. 4 ~ " Vf E~ e

Roads Zn Sir-ees, o. 71, No.. .5, a p. 163-165, May 1931

Genral di-3cusslan oa correction- andz orevantionw of heaves
and treafrent of boils.. Includes illustration-s showing- lacea-

or frost act.tn area wa. respect to soi profile.-

CA-LCIUM CHWORIDE -ASSOCIATION NEWS. "Calcium Cbhloride Treated
Roads Guard AainstSprin ea-", Calci-m Chloride Assoc. News. VoL"

l0. No- 3.p35. .VJu-rtJ144

S=unrary of C _.rienc-s - six counties in Minnesota on the

effectiveness of calcium chloride introduced "n-holes in iz
snbgrade in preventing spring breakup.

CALCIUM CHLORIDE ASSOCIATION, "Pretventing Det-rLncntal Frost Hear-
ing". (by eagr.e,, of Eruption Areas With Calcium Chloride), InformaiHon
Sheet, Brief No. F-61, Revi sed February i945

This parnollet discusses correct on and r reve-ntion methods,
early suosoil teatmnt, CaCI, admLx- in bases. CaCI ma1 ia-
tained s-Urfaces. Includes several. hotos.

C-ALLENDAR, H. L.. "Prelininary Results of Observations of Soil Temner-
attires with Electrical Resistance Thermometers Made at the McDonald
Physics Building, McGill University-, M.ontrea!"', Transactions, Royal
Society of Canada, Second Ser., VoL 1, Sec. 3, pp. 63-84, Mky 1895

Description oi electrical resistance thermometers and procedure
used in 6oserving temperatures of soil to depth of 9 f. Results :
presented graphically show isothermal diagram for winter months,
diurnal variations in air and in soil temperatires at various
depths, variation of temperature with depth on various dates, and
integrated curves of sunshine. Presented also is a method of
computing thermal diffusivity from graphical temperature data.

CALENDAR, H. L. and MCCIEOD, C. H., "Observations of -Soil Tempera-
tbres with Electrical Resistance Thermometers", Proceedings and Transac-
tions, Royal Society of Canada, Second Ser., Vol. 2, Sec. 3, pp. 109-26,
May 1896

A continuation of the May 1895 (1895-1) report by the senior author
giving more complete data on soil temperatures. The data are pre-

sented in the form of an isothermal diagram, March 1895 to April
1896, and curves showing variation in temperature with depth. A
table of thermal diffusivity values are given for various seasons of
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- ~o Ghc erraving does. noAo-r, ee rieaon oesi cmss ofi~
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1Abt CLAR o . 3, p1e A1s3! 1OcITOber 191 Hcay Resimtern ats, "
Deinc8p. C-vi anar 19413,

Wesrn ntution f ewcso e18rioa hard iero 19433 519-
oni G er explns Ateew ofsul c-itean emai codtins on-f

granlarbed dinag nstuecssitye forioweelln onc frte pase-

CLRAf . 0f ls- ighway -nd Ehi ffect of Cig.iisusaste dif Souliso

encountered in construction on permanently frozen groun or
ice dlose to the surface immediately under a heavy insulating
layer- of moss or grasses; on layers of ice and frozen soil c- -

z ~ curring at depths of 3 ft or more; and where an icing condition
known as "glaciering" exists. -Photos.

CLARK. .A.. SomneExamiples of Frost Boils Occurring on AlbertaL
Highways", Canadlian Engineer, Vol. 691, No, I 1. pp. 7 -10, 10 Septemrber
1935

discussion of the physics of frost heaving, the codtosudr

wvhich heaving does not occur, the relation of soil classification
4 ~type -to heaving; and a description of? frost boil occurrences wt

illustrations of soil profiles in which frost boils occur.

__ CLAY bit.A PIPE wtASSOCIATION, arau., "Clay Pipe nrnginecring Mlanual,
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classification of most of the peat areas in Alaska. Among the
conclusions stated is the following: "Among the qualifying
factors that affect muskegs in the interior oF. Alaska are
layers of volcanic as)', windblown silt, and a permanently *

frozen condition. The line of permafrost appears to have
been rising periodically. Summer thawing ranges usually
between 20 to 45 inches below th surface." it is estimated
that about 50 million acres of Alaska may be classified as
forest, approximately 100 million in tundra and nearly 110
million in muskeg and grassy marshland. The term "muskeg"
" of "Indian (Algonquin) origin denoting an area covered
with sphagnum mosses and tussocks oi sedges".

D'APPOLONA, ELIO, "Foundations -in Permafrost Regions", Northwest
Service Command Report, 1 August 1944, Tentative Report

Part I deals with construction in permafrost regions and shows
the results of improper construction in various buildings at L

the Koidern Repeater St'ntion, Y. T., and Northway, Alaska.
Points out in each case that construction was done incorrect-
ly because of lack of knowledge that the transfer of heat caused
melting of permafrost and settlement to failure of many of the
structures; that construction with an air space using piling is
a solution of the problem.

DAPPOLONIA, E.,"Permanently Frozen Ground and Foundation Design,
Part 2", Engineering Journal (Canada), Vol. 29, No. 1, pp. 7-12, January
191!6

Reasons for failure of foundations for structures on perma-
frost and examples of designs to prevent melting of perma-
frost and causing excessive settle-tent of foundations.

j DARTON, N. H., "Geothermal Data of the United States", U. S. Geological
Survey Bulletin No. 701

Temperature given for wells, mines, etc.

DEMENTIEV, A. I. and TUMEL, V. F., "Civil-Engineering in Frozen Soil,
USSR", Canadian Geographical Journal, Vol. 3Z, No. 1, pp. 32-33, January
1946

A brief general description stating that progress has been made
in combating drifting snow, mining, con atruction on permafrost:
(one statement that buildings are designed to prevent thawing,
another that subsoil is warmed electrically using 300 to 1300
volts); and in the problem of drinking water in the eternally
frozen areas (artesian wells through 700 ft of permafrost to
depth of 1600 ft at-Irkutsk). Permafrost covers 47 percent of
area of USSR.

DENINY, C. S., "Stone-Rings on New Hampshire Mountains", American
Journal of Szience, Vol. Z38, No. 6, pp. 432-438, June 1940

Description of miniature stone rings and stripes of modern
date. No attempt is made to describe their mode of foz-mation.
Bibliography.
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DEPARTMENT OF THE AR.%,.Y, "Pile Pullout Tests in Frozen Ground",
Headquarters, Air Materiel Command, Air Installations Division, February
1948

In this memorandum, Mr. L. A. Nees deals with experiments by
the author made at the Wright-Patterson Air Force Base. One-
and 1/4-in. black steel pipe, 6-, 12-, 18- and 24-in. lengths, were

4 used as test piles and frozen into one cubic yard of soil. The
pull-out resistance did not go below 40 lb per sq in. except where
the soil was very dry. The pull-out resistance increased rapidly
as the optimum moisture and-density were approached. Although
the tests are admittedly lacking in adequacy, it was concluded of
the work that a working value of 20 lb per sq in. could be safely
adopted as the pull-out resistance value and that the tests should
be supplemented by prototype tests as well as more laboratory
work. It is also noted that the minimum permissible length of
pipe below permafrosi table should be 20 ft, and the minimum
depth of a pile joint below permafrost table should be five ft.
These tests were made for use in designing the Loran tower at

V Project Beetle Able (Skull Cliff).

DEPARTMENT OF THE ARMY, "Data on Frost Action", District Soils
Laboratory, U. S. Engineer Office, Providence, R. I.

This manuscript, which was compiled in the DistrictSoils
Laboratory, is a brief abstract of various articles given in
the references at the end of the article. It covers frost ac-

L tion in subgrades and surfaces based on information obtained
from Iowa, Sweden, Minnesota, South Carolina, New Hanpshire,
Maine, Indiana, Washington,- Massachusetts, Connecticut, New
York, Michigan, Germany, and Canada. In general- it dis-
cusses the matter of moisture content, specific heat, densi-
ties, color, and degret-days, and capillarity insofar as they
affect frost heaving.

DOCKSTADER, E. A., "Effect of Freezing and Thawing of Soil Under Foun-
dations of Cold Storage Warehouse", Proceedings, Internatirnal
Conference on Soil Mechanics and Foundaton Engineering, Har-
vard University, Vol. 2, pp. 171-173, June 1936

__ Factual data on depth of frost, height of heave due to heaving
: 4 of foundation soil and settlement of fcundation of a nine story

cold storage buildig under controlled thawing.

DUCKER, A., "Ueber 'Bodenkolloide' und ihr Verhalten bie Frost" (Soil
Colloids and Theiz Behavior when Subjected to Frost Action), Der
Bauingenieur, Vol. 23, pp. 235-7, 5 August 1942. (Translated by H. B.
Edwards, Engineer Department, Research Center, U. S. Waterways Experi-
ment Station, Vicksburg, Miss., December 1944).

Review of and discussion on the Schmid and the Casagrande
criteria for the effect of frost on a soil; data and discussion
on results of freezing tests on soil colloids; bibliography.

DUCKER, A., "Untersuchungen uber die Frostgefahrlichen Eigenschaftefi
Nichtbindiger Boden", (Investigations on the Frost Danger Element of
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Cohesicnless Soils), Forscbungparbeiteti aus dem Strassenwesen, Band 17,
1939, 79 pp. (In German).

The results of experimental studies on the effect of texture of
noncohesive soils and the freezing of texture fractions of soils
and their mixtures.

EARDLEY, A. T., "'Unconsolidated Sediments and Topographic Features of
the Lower Yukon Valley", Bulletin of the Geologic Society of America, Vol.
49, pp. 303-342, February 1938

Report contains important material -- geologic and topographic --

on lower Yukon. Report locates gravel, sand, silts, and muck;
their origin is a problem, but some conclusions are stated. In
general, it appears in the most part to be fluvial, but the silt
a combination of fluvial and aeolian. Mentions ice lenses and
frozen grouvid. Many good photographs illustrate features
discussed in text and show general topography of region; many
oblique lair photographs. Tables are used in silt identification,
soil sizes and comparisons. Sketches demonstrate text and
include valley cross sections, general topography around stream,
extent of glaciation in area. Bibliography includes many U.S.G.S.
references on Alaska.

EKBLAW, W. E., "The Importance of Nivation as an Erosive Factor and of
Soil Flow as a Transporting Agency in Northern Greenland", Proceedings,
National Academy of Sciences, Vol. 4, No. 9, pp. 288-293, 15 September
1918

A descriptiox. of the process of nivation (the formation and
melting of snow-ice) and its effect-on the disintegration of
rocks; the destruction of some-land forms and the-formation of
others. A description of -solifluction (soil flow) and its con-
nection with-nivation is also given.

ELGAR, W.-H., "Soil Movements as Affecting Paved Surfaces; Mechanics
of Frost Heaving", Surveyor, (London), Vol. 103, No. 2746, pp. 427-8,
8 September 1944. Abstract of article in Public Works, Vol. 75, Decem-
ber 1944, -pp. 17-18

Discussion of changes in water content and frost action and
the manner in which resulting movements affect rigid and
flexible surfaces.

ELIAS, M. M. and VOSBURGH, R.-M., "Permafrost Program -- Progress
Report No. I -- Terrain and Permafrost in Galena Area", U. S. Geological
Survey,. 1946

This report is a study of terrain and permafrost in a pait of
one of the large alluvial basins which characterize the topog-
raphy of central Alaska. The report describes the general
terrain of the basin, the relationship of ground and perma-
frost conditions to topography, suitability of the terrain units
for construction, and criteria for interpreting the terrain from
aerial -photographs. The report presents the results of field
investigation of iwo terraces near the Galena Air Base; the
suitability of the two terraces for possible airfield sites is
discussed.
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EMREY, 0. T. "Subgrade Soils, Their Analysis and DrI e C I
Engineer, Vol. 72, No. 12, pp. 5-9, 23 March 1937; also Vol. 72, No. 13.
30 March; and No. 15, 13 April 1937.

* A review of published material (largely from Public Roads
Administration., New Hampshire and-Michigan sources) on sub-
grade soils, classfication, frost heaving and drainage. In-
cluded is a good p,.pu arly written review of the theory of
frost heaving afid & number of figures illustrating installation
of underdrains to intercept seepage.

ENGINEERING AND CONTRACT RECORd, "Extent of Frost Penetration
in Soils", Vol. 50, No. 8 9 , p. 11, 8September 1937

A tabulation of depth of frost penetration at ten locations and
depth of permafrost at five locations in Canada.

ENGINEERING AND CONTRACT RECORD, "Inexpensive Treatment for

Frost Boils Helps Prevent Costly Pavement Repairs", Engineering and
Contract Record, Vol. 55, Nc. 42, p. 33, 21 October 1942

Brief discussion on drainage, crack sealing and use of calcium
and sodium chloride to prevent frost heave.

ENGINEERING NEWS-RECORD, "Frost Penetration Studies at Portland,
Maine", Engineering News-Record, Vol. 116, No. 15, p. 537, 9 April 1936

Discusses studies-of rost conditions at Portland, Maine being-
carried out by the city water department. Thermometers are
set in the ground at 6-in. intervals to a depth of 5-1/2 ft.

ENGINEERING NEWS-RECORD, "Impervious Bitunminous Wall Suggested
to Preve.t Seepage Under Paving", Engineering News-Record, Vol. 81
No. 5,,pp. 226-2Z8, 1 August 1918

A staff review of 1. W. Lowell's "An Investigation-of the
Vertical Movements of Concrete Pavements", Proceedings,
American Concrete- Institute, VoL 14, pp. 366-373, 27;-29
June, 1918.

ENGINEERING NEWS-RECORD, "Highway Progress and Investigations",
Engineering News-Record, VoL 105, Xo. 25, pp. 978-981, 18 December
1930

A staff review of the "Relation of Certain Frost Phenomena
to the-Subgrade", by V R.-Burton and A. C. Benkelman, Pro-
ceedings, Highway Research roard, Vol. 10, pp. 259-Z75, 1930

ENGINEERING NEWS-RECORD, "Ice Pressure Determinations in Clay
Soils", Engineering News-Record, Vol. 115, No. 4, p. 127, 25 July 1935

Staff review of a paper given by A. Casagrande at the 1935
m.-eeting of the Society for the Promotion of Engineering
Education. The review gives data and shows graphically
the unit pressures (in a consolidation test) required to re-
duce the soil moisture contents to the values obtained dux-"
ing ice segregation in freezing tests.

ENGINEERLNG NEWS-RECORD, "Mitig.ating Frost Action on Road
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Surfaces". Vol. 104. pp. 1021-23, 19 Tune 1.930
A staff review of and extracts from the report oi the Committee
on Subgrades and Pavement Bases, 1930 convention of the Amer-
ican Road Builders Association. Discussed are: surface damage
from freezing and thawing; granular subbases; and drains and
backfilled trenches.

ERL-ENBACH, L., "Recent Observations and Research on Frost Damage in
East Prussia", Strasse 1937, 5(2), 42-6; Road Abstracts, Vol. 5, No. 3,
Abstract No. 139, pp. 39-40. May 1938

A description of severe longitudinal cracking and heaving in
East Prussia during the severe winter of 1936-37; nature of
the soil, nature of the sand used i the "protective course";
and ineffectiveness of drainage by side ditches to prevent
frost damage.

FEUSTEL, I. C., DUTILLY, A. and ANDERSON, M. S., "Properties of
Soils -from North American Arctic Regions", Soil Science, Vol. 48, No. 3,
September 1939, pp. 183-200

This paper includes the chemical and mechanical analyses,
mineralogical composition and organic content determinations
of soil samples collected at 15 widely scattered locations from
Churchill north to the 76th parallel. A detailed description of
37 samples is given, including the geological classification of
parent rocks, vegetation types, groundwater conditions, and
soilacidity. The influences of mechanicl weathering forces,
especially freezing, thawing and wind action predominate in
arctic regions. The soils are cha.acterized by the -presence of
unweathered rocks and rock fragments. Normal soil-forming
processes- of eluviation and illuviation are greatly retarded
under the frigid climatic conditions. Tundra soil formations
appear to be related to marsh types resulting from excessive
moisture. -Much of the area is overlaid with peat or muck.

Organic residues do not readily decompose but tend to accu-
mulate on the-surface aspeat or peat-like materials. Most of
the samples collected were acid and none were strongly
alkaline. Of +he 37 samples collected, only 3 of tb: soils con-
tained 20,percent clay and nearly half had less t~an ' percent.
A large amount of the material was greater than 0.5 mm in
diameter. The carbon nitrogen ratios of mucks and peats
are comparable to those occurring in Maine. Where lichens
contribute to peaty accumulations, low carbon contents and
low carbon-nitrogen ratios are expected. Reference is made
to a shallow, clayey, alluvial soil found in a polygonic forma-
tion near Ft. Burwell, N.W.T. The authors state "thea process
of polygon formation is presumably directly related to a flood-
ing or saturation of the soil with water followed by evaporation
and resultant contraction 4- the material .............. a factor of
particular importance relative to shrinkage behavior of this
solid-would seem to be the ratio silica to total bases". Very
low ratio silica to total bases (3-5) is characteristic of arctic
soils. Sodium content, on the other hand, is very high
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(approximately one percent). Exchangeable sodium in soil
colloids tends to increase their capacity for swelling and
shrinkage. The chief constituent of the soil colloids is hydrous
mica, commionly called Ordovician bentonite. A bibliography
ol 20 references is included.

FROST, R. E., "The Use of Aerial Maps in Soil Studies and Location oi
Borrow Pits", Purdue University, Reprinted from Kansas Engineering
Experiment Station Bulletin 51, 1 July 1946

This article deals- with the use of aerial maps in soil studies
as indicated in the title. It points out that one of the chief
advantages of mapping soils from aerial photos lies in the, fact
that detailed soil maps cannot be made in any other way at a
comparable cost, or made as efficiently from the standpoint of
time. The basis for this is that soil and rock patterns are
repetitive in their natural environment which means that any
two naterials derived from the same soil or rock pattern
material, both having undergone the same relative topographic
position, under the same climate and both occupying the same
relative -topographic position, will have similar soil-profiles,
engineering properties, natiye vegetation, and air-photo pattern.
Other requirements are that the photographs be of good quality
so that stereovision is possible. The -pamphlet is well illus-
trated with photographs and soil maps made from the adjoin-
ing photographs.

FRY, W. H., "Petrographic Methods for Soil Laboratories", Department of
Agriculture, Technical Bulletin TB No. 344, January 1933, p. 95

This-bulletin discusses in detail the fundamental properties of
light, the petrographic microscope, optical methods and the
application of methods.

FULLER, H. U., "Frost Penetration as Affected by Weather and Snow
Conditions", Jourral of the New England Water Works Association, Vol. 50,
No. 3, pp. Z99-301, September 1936

A discussion of frost penetration, depth of snow blanket, depth
of frost penetration, and temperature deficiency (freezing index)
at Portland, Maine.

FULLER, H. U., "Studies of Frost Penetration", Journal of New England
Water Works As.-ociation, Vol. 54, No. 3, pp. 275-281, September 1940

Data are presented showing depth of frost penetration and soil
temperatures in gravel and clay. Temperature deficiency curves
show the range of severity of the winters at Portland, Maine.

GARDNER, D. L. and WRIGHT, G. C., "Frost Heave Measurements for
1938-1939", A thesis in partial fulfillment for the Degree of Bachelor of
Science, University of New Hampshire, 1939, 45 pp.

Report of the continuation of a study of the relation between
accumulated air temperatures and- frost heave begun in 1928
under the direction of Professor A. Casagrande. The thesis
reports data obtained during the winter of 1938-1939.
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L -AD it., "Some Effects of Freezing and Thawing on the Aggregation
and Permeability of Dispersed Soils", Soil Science, Vol. 60, No. 6, pp. 437-
443, December 1945

A discussion on the effect of freezing on soil aggregation and
permeability with experimental data on restoration of structure
to puddled saline (sodium) soils; and the effect of freezing on

the permeability of dispersed soils.

GARNEAU, 3. B., "Discussion of 'Soil Stabilization and Pi evention of Frost
Heaves'", Canadian Engineer, Vol. 77, No. 12, pp. 5Z-54, September 1939

A review of data on frost penetration, drainage, grain size, and
the mechanics of frost heaving. Included is a table of depths of
frost penetration in 8 principal cities of Canada.

GESLIN, H., "The Rate of Freezing in Soil and Its Dependence on the Thick-
ness of the Snow Layer", Comtes Rendus (France), 1942, 214 (3), 124-5.
Building Science Abstracts, Vol. 16 (New Series), No. 1, Yanuary 1943.
Highway Research Abstracts, No. 99, p. 8, April 1943

-Depth of snow cover necessary to prevent freezing of the under-
lying soil.

GILBERT, G. K., "Lake Bonneville", U. S. Geological Survey, Monograph,
No. 1, 1890, 438 pp.

A classic on the history of uncient Lake Bonneville. Discussion
of ice ramparts, glaciation, glacial deposits and associated phe-
nomena of general interest in the study of ice. Data of direct
value in study of frost action in soil are not given.

GILBOY, G., "Soil Mechanics Research", Proceedings, American Society
of Civil Engineers, Vo!. 57. No. 8, pp. 1185-1186, Gctober 1931

An explanation of the mechanics of frost action based on results
of field laboratory studies in cooreration betweevn U. S. Bureau
of Public Roads, the State of New Hampshire, and M.I.T.

GILKEY, H. J., "Freezing Ground Acts Like Hydraulic Jack", Engineering
News-Rc -ird, Vol. 79, No. 8, pp. 360-1, 23 August 1917

A brief -tatement concerning heaving-of bridge piers to the
extent of 2-1/2 in.; 36,000-lb piers founded on blue clay
3-1/2 to 4- /4 ft-below the surface. The location is given as
-en important midwestern city".

GOODELL, B. C., "Soil Boring Tool for Frost Depth Determination",

Journal of Forestry, Vol. 37, No. 6, pp. 457-9, June 1939
An illustrated description of a small-diameter boring tool
(soil tube) for determining depth of frost penetration.

GOULD, 0. B., "Tile Drains Solve Frost Boil Problems", Roads and
Streets, Vol. 71, No. 7, pp. 257-258, July 1931

A description and tabulation of cost data oftrenching, back-
filling and installation of drain tile for correcting frost
boils in Washtenaw County, Michigan on 8 roads.
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GOTTSTEIN, E., *Fundamentals on Frost Damage to Roads, Its Causes,
and Prevention", Berlin, 1937 (Volk and Reich Verlag), p. 19, Fig. 28;
Road Abstracts, Vol. 5, No. 2, Abst. No. 74, p. 21, April !938

An abstract of an original article dealing with the underlying
principles of frost effects and measures to obviate the damage.
The author gives experience on German roads during the severe
winter of 1935-36 and refers to a comprehensive bibliography
by H. Petermann and E. Boedeker (see Road Abstracts, 1937-38,
Vol. 4, No. 213).

GRIM, R. E., "The Clay-Minerals in Soils and Their Significance", Illinois
Geological Survey, Circular No, 65, pp. I-IZ, 1941

Relation of frost heaving to clay mineral composition; clay
minerals discussed include montmorillonite, kaolinite and
certain illite soils.

HARDY, R. M., "Permanently Frozen Ground and Foundation Design, Part
I', Engineering Yournal (Canada), Vol. 29, No. 1. pp. 4-7, -anuary 1946

Limited largely to discussion of permafrost but includes a-re-
view of theories of frost heave, and shows relationship between
soil types and ice segregation in permafrost.

HARDY, R. M., "Research on Frost Action in Soils"', Roads and Bridges
(Canada), VoL 84, No. 9, pp. 74-77, 10Z. September 1946

General review of the work of Taber, Beskow, and Casagrande;
discussion.of methods for -correcting frost heaves; and a
description of permafrost.

HARRINGTON, E. L., "'Soil Temperatures in-Saskatchewan", Soil Science,
Vol. XXV

Thermometers were placed-in-the ground at depths from I to 8 ft
at the University of-Saskatchewan at Saskatoon. It is pointed out
that the temperature varies rapidly at the 1-ft level and that the
lag in soil -temperature below a- Z-ft depth is marked. A compari-
son of the temperatures-at Saskatchewan with those obtained by
other observers in Kansas is made. It 1s pointed out that the
maximum temperature at the 8-ft depth was reached in April
and the fi-st half of-May. Permafrost is not discussed in this
article. Graphs showing the results are included.

HARRISON, T. L., "First Frost is Never Responsible for Cracked Concrete
Roadways", Engineering News-Record, Vol. 80, No. 9, pp. 418-420,
28 February 1918

An attempt to establiah the hypothesis that heaving can occur
only as a result of more than one "freeze"6ihig sitgrade soil
No literature is cited and no supporting-data are given. The
author bases th.-ness of subbase design on the mrnximum deptih
of winter thaws.

HAWKES, L., "Frost Action in Superficial Deposits, Iceland", Geological
Magazine (London), VoL 61. No. 725, pp. 509-513, Novemb-ir 1924

A description of several distinct types of effects of frost action
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in -surface deposits in Iceland. Included are cracks -in clays,
knolls in grasslands, rings of stone, and formation of shallow
hollows in gravels.

HEATING AND VENTILATING, "Frost Penetration in Ground", Heating
and Ventilating, Vol. 35, ko.-6, pp. 53-56, June !938

A charted map of the -U. S. showing maximum- depth of frost
penetration. Tabulated data are also given on rnaxi'num frost
penetration in ground in 100 cities and average fros- pene-
tration in-ncore than 200 cities in the 48 states.

l*EJE, K., "Studies of Frost Heaving-Carried Out at the Norwegian Techni-
cal-College and Their Economic Results", Meddelande Veidirekt Norsk Ing.
Foren* 191-(6), 65-71. Road Abstracts. VoL -9. No. 6, Abst. No. 217, p.
67, May 1942

Required depth of non-frost-susceptible granulAr bases, insulat-
ing materials and drains to prevent detrimental heaving; frost
storage capacity (free-zing -idex); and costs of various methods
of preventing frost-damage.

h1ENTON, 1. T., "'Modern Subdrainage Proves Successful Cure for Frost
Boils"'. Highwray Magazine, Vol 19,- No. 12, pp. 316-318, De'tember 1928

Abief article describing the installation and performance of
a corrugated metal pipe on state trunk highway No. 60 west

Z of Columbus, Wisconsin to prevent frost boils.

HEWES. L. I., "American Highvray Practice"'. Vol. I,pp. 183-184, 194V
John Wiley anid Sons, _Nviw York -

Includes a summn'ary statement cmi theory of frost heavirig.

HIERONY.MUS, G., "Earth Ambient Temperatures for Cable Loading Limits",
Electrical World, V61L 1ZZ. No. 24, pp. 9Z-93, 9 December 1944

z Results of a study of air and ground temperatures in Kansas City,
Mo. to determ-ine-relationsi between temperature and depth;
c.1c-changes from year to year; lag between surtace air and

earth temperattires at various depths; and location of ink"
valIue at which there is- no apparent response to variation of
surface air temperatures.

HIGHLAIND, SCOTLJAND G., "'Study-of Year Round Soil Temperatures",
To!%mnal, American iter Works Association, VoL 16, N6. 3. pp. 342-354,
September 1926

1includes tabulated eats on year-round temperatures At Clarksburg.
W. Va., and d pth of frost ienetration in 11 cites in U. S. and7
Canada.

ILL, E. IN4. M., ChiefEngineer, '"MemnoRe Perpetaally-Fzozen Subsoil
Observation-s in the Vicinity of the Thm&son Bay Railwayv.-Carvaian N-atio-
al1 Railways innypeg, INtoba, Canada, 29 March 190

T'his article deals with perpetmaUy_-fr=-en. subsoil in the re-
gion-s of -the Province of Marnitoba principally Itis pointe out
that the scutherrn boudary of perznafrost exits somewhreL 142 I



between latitude 54030. and 5500* in Manitoba. Permafrost in
this area may exist in the form of islands. North of 56030'
latitude, permafrost and tundra vegetation are continuous.
There is a table showing thickness of permafrost in various
parts of Manitoba, Northwest Territory and the Yukon Terri-
tory. A list of references regarding frost and soil teninera-
tures in Canada is given.

HOBBS, W. H., "Soil Flow ; Bulletin, American Geographical Society, Vol.
45, No. 4, pp. 281-284, April 1913

Discussion and explanation of the phenomena of freezing and - -

thawing as related to the formation -f soil polygons and the
lifting of rock fragments and depositing them on edge at the
edge of the polygon. Some discussion given to soil flow as
the result of freezing and Thawing.

HOGENTOGLER, C. A., WINTERMEYER, A. M. and WILLIS, E. A., "Sub-
grade Soil Constants, Their Significance, and Their Application in Praca

* tice," Public Roads, Vol. 12, Nos. 4 and 5, pp. 89-log, 116-144, June and
£ July 1931

The authors review the work of Bouyoucos-and Taber and discuss the
frost-heave characteristics of the various Public Roads Adm-inistration -
soil groups. -

HOGENTOGLER, C. A., "Engineering Properties of So", pp. 127-158,
1937, MeQraw-lil Book Co., -New Y(ork

Heat transfer, insulating properties -&-materials, effect of
air temperature, effect-oftypes of-covering, growth on freez-
ing, direction of growth, ice lenses respousible for-heave,
freezing-of supi.rcooled water, heave in per--neabl!t soils,
heave in soils of high capi-arity, -noisture requirements for
frost heave, effect of- soil characteri results of controUle
experiments, effect of dcimatic changes, effect of soilprb-
file, effect on road surfaces, -and drainage of frostheavinS
silts.

HOGENTOGLER. C. A., and.BARBER, r - "The- Trend ofSoilYcstng".
Proceedings, 18th Annual Meeting, HighwayResearch Board, Part H, :e-
cenber !938, p.. 9-34

The article is a resume -of soil test methods and the si g icance
or test data. Subjects-discussed includ e the followi ng: dominant
colloidal phenonena; apparent volu-ie of soil fractions: effect
of film moisture on the stability of Vie soiL effect of electro-
lytes; internal forces retainhight density of soil; stability of
soil determined by test the consolidation- test and its applica-
tions; shear tests; compaction tests; and indicator tests-

HUGIS, A- C., "Frost Daa.ge to Roads on a Chalk Subsoil", Surveyor
(LIondon), VoL 106, No. 2909, pp. 581-5S, 7 Nrveznber 1947

.A general descriptive ar-icle on deoi- of f-ost penetration andl-
effec. of drainage, exposure, subsurface water through cracks
in pavements, grades, cuts, embankjnents. and traffic on frost
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heaving and frost boils; and the nature of successful t-eafrnents.

1NUNTTING, M. T., "Geology in Highway Engineering", Transactions, Amer-
iAn So ciety of Civil Engineers, Vol. 1 10, pp. 278-Z80. 1945

Abrief and general review of the area affected by frost action,
Taber's work, and the cooperative survey between the state
highway departments of Michigan, Minnesota, Wisconsin and
the Public Roads Administration.

HVORSLEV, DR. Mv. JUUL, "The Present Status of the Art of Obtaining
Undisturbed Samples of Soils", March 1940, Harvard University

This report is divided into two main parts. In the first mart
iS given an anmlytical review di the tl-aracter and influence
of the various types of disturbance to the soil sample and of
the problems encountered-in securing such samples with a

minmumof-disturbance. The second part contains a coinpre-
hensive review of the methods anid-equipxnent currently used
to obtain undisturbed samples of soils inthis country and
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mathematical determination of expected danger from frost which
will enable suitable preventive measures to-be taken; the effec-
tiveness of dowelling concrete pavements; and the required mini-mum thickness of granular bases to prevent damage due to frost.

KERSTEN, M. S., "Survey of Subgrade Moisture Conditions", Proceedings,
Highway Research Board, Vol. 24, pp. 497-512, 1944

Compilation and analyses of data on soil moisture under exist-
ing highway pavements.

KERSTEN, M. S., "Subgrade Moisture Conditions Beneath Airport Pave-
ments'", Proceedings, Highway Research Board, Vol. Z6, pp. 450-463,
1945

An analysis of subgrade moisture data from subgrades under
flexible and rigid type airfield pavements in 17 states.

KIMBALL, D. A., .UHNKE, G. N., and GLOVER, M. P., 'A Comparison
of Temperatures in Air and at Various Depths in a Light Sandy Soil in
Southern Ontario' , Scientific Agriculture (Canada), Vol. 14, No. 7, pp.

353-359, March 1934
An exam le i.. oiven of recorded temperature data taken with
recording thermograph of the 2-pen type with mercury in steel
cables. Tabulated data are given showing average monthly
temperatures of air and-of the soil at depths of 4, 12 and
24 in. from July 1930 to June 193Z.

KINCER, 1.-B., "Precipitation and Humidity", Atlas of American Agricul-
ture, Pt. 2(plimate), Sec. A(Precipitation and Humidity), Advance Sheetz,
No. 5', 15 March 1922.

Charted-maps of the U. S. giving data on precipitation and -'

humidity on basis of monthly, seasonal and annual averages.
Records for the uniform 20-year period, 1895-1914, were
use in constructing the principal charts and diagrams.

KINCER, 1. B., "Temperature, Sunshine and Wind", Atlas of American
Agriculture, Pt. Z(Climate), Sec. B.(Sunshine and Wind), Advance Sheets,
No. 7, November 19Z8

Charted maps of the U.S. and diagrams giving data, on tempera-
ture, sunshine and wind, on basis of monthly, seasonal and
annual values. Records cover the uniform 20-year period,
1895-1914.

_KRYNINE, D. P., "Soil Investigations in Russia", Proceedings, Highway
'Research Board, Vol. 9, pp. 66-74, 1930

Author presents general review of soil studies in USSR.
General history, soil profiles, design of soil mixtures,
frozen soils, rolling of earth roads, and research are briefly
discussed. As to frozen soils, author notes difference as
to freezing and thawing when area is insulated, also the
destructive effect and inherent instability of roads on these
areas. Bibliography of 8 titles (mostlyEnglish) are noted.
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KRYNINE, D. P., "Soil Mechanics, Its Principles and Structural Applica-
tions", 1st Ed., pp. 77-84, 1941, McGraw-Hill Book Co., New York

General discussion of frost action, freezing point, ice crystals,
open and closed systems, influence of the size of particles,
maszive and ice stratified frozen formations, mechanics of
moisture movement during the soil freezing process, capillary
capacity and permeability as controlling the maximum amount
of heave, and technicil measures against frost action.

KRYNINE, D. P., "Some Experiments on-Capillary Flow of Moisture
Through Gravels and Silts", Proceedings, Twenty-sixth Annual Meeting,
Highway Research Board, 1946. pp. 474-483

Capillary movement of moisture in gravels and silts, and
also in combined systems (silt-sand ind silt-screenings) is
described in this paper. The exper ents were performed in
large lucite tubes, 5-5/8 in. and 3-,1 8 in. in diameter and
4 ft high. The shape of the time curves obtained by plotting
the height of the visible moisture boundary against time was
parabolic of variable order.

LANCASTER, C. M., "Discussion on Survey of Subgrade Moisture Condi-
tions", Proceedings, Highway Research Board, Vol. 24, pp. 512-513, 1944

Significant data from a long-time moisture study under flexible-
type pavements in Mdssouri.

LANE, A. C., "Northern Climatic Variations Affecting Geotherm Initial",
Canadian Mining and Metallurgical Bulletin, No. 411, pp. 397-402, July 1946

A review of the works of Fitton and Brooks (Monthly Weather
Review, Vol. 59, pp. 6-16, January 1931), on the relationship be-
tween air and soil temperatures in the upper few inches of per-
manently frozen ground with remarks by the author.

LANG, F. C., "Frost Action in Highway Subgrades and Bases", Discussion,
Proceedings, Purdue Conference on Soil Mechanics anI Its Applications,
Purdue University, Symposium on Frost Action, pp. 457-460, 2-6
September 1940

Description of heaving in the form of high joints in portland
cement concrete pavements in Minnesota and means of pre-
venting their occurrence. Data on change in density of a clay
soil subjected to absorption and freezing and thawing are in-
cluded.

LANG, F. C., "Discussion -- Subgrade and Pavement Bases", Proceedings,
27th Arnual Convention, American Road Builders Association, pp. 508-516,
1930

A description of frost heaving and frost boils and a suggested
means of "curing" frost boils.

LANG, F. C., "Soil Science Applied t4 Flexible Surfaces", Better Roads,
.* Vol. 5, No. 2, pp. 20-27, February 1935

H MA general descriptive article illustrating (1) pcsition of
frost boil in structureless silt in soil profile; (2) exzavation
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of frost-susceptible soils; (3) frost heaving with respect to
position of ledge rock; (4) grading of materials and typical
cross section of gravel bases used and their relation to road
surface condition: (5) underdrain practice; and (6) adjustment
of grade line to avoid frost-susceptible sois.

LANG, F. C., "CombatingFrost and Drainage Problems", Proceedings,
23rd Annual Road School, Purdue University, Engineering Bulletin, Vol. 21,
No. 3-(Extension-Ser. No. 39), pp. 46-56,-May 1937

This article is similar in content to "Soil Science Applied
to Flexible Surfaces"', by F. C. Lang, Better Roads, Vol. 5,
No. 2, pp. 20-27, February 1935

LANG, F. C., "Progress Report of Committee on Freeze-Proofing Treat-
ment of Subgrade Soils with Calcium Chloride to Prevent Detrimental Frost
Action", Special Committee of the Highway Research Board, 1944, Highway
Research Abstracts, No. 118, pp. 9-10, March 1945

A description of installations in Michigan, Minnesota, and
Indiana in which calcium chloride was introduced into the sub-
grade through holes in the pavement to prevent frost heave.

LAUCHLI, E.- "Ground Temperature Variations Decrease with Depth",
Engineering-News, Vol. 74, No. II, pp. 510-511, 9 September 9.5

A Lief statement-on the need for steel in a cutoff wall to
care for local stresses set up by temperature changes at
different depths. Included are five time-temperature charts
showing mean air and ground temperatures.

oLFFINGWELL, E. DeK., "Ground-Ice, Wedges; The Dominant Form of
Ground-Ice on the North Coast of Alaska", 1ournal of Geology, Vol. 23,
No. 7, pp. 635-654, October-November 1915

A description of soil polygons and inclosing wedges of ground
ice with cn explanation of their origin and growth.

LEWIS, M. R., "Rate of-Flow of Capillary Moisture", U. S. Dept. of Agri-
culture, Technical Bulletin No. 579, October 1937, 29 pp.

The results of experimental studies in which water was addcd
at various predetermined rates to one end of a number of soil
columns which were exposed at the other end to a current of
air maintained-at a constant temperature and humidity. The
purpose of the experiment was to determine the distance through
which water can be moved by capillary forces in a range. of
moisture between the field capacity and the permanent wilt-
ing percentage. Data and discussion are included on effect of
soil type and gravity on rate of flow, and moisture ont e!t
gradient for different rates of flow. Bibliography.

LINDE, S. F., "The Freezing of the Foundation Soil Under Cold Storage
Buildings", Warme u. Kaltetechnik, 1942, 44(2), 17-23; (3) 34-8; Build-
ing Science Abstracts, Vol. 16 (New Ser.), No. 3, Abst. No. 198, p. 41,

March 1943
Soil temperatures correlated with vertical movements of a cold
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storage warehouse and conclusions concerning design of foun-
dations for cold storage warehouses.

LOWELL, J. W.,"'An Investigetion of the Vertical Movements of- Concrete
Pavements", Proceedings, American Concrete Institute, Vol. 14, pp. 366--
373,.1918

The objectionable features of longitudinal and transverse cracks
in portlAnd cem ent concrete pavemaents laid on clay soils are
mentioned. A pavement cross section involving the use of an
impervious bitumidnous wall is suggested which will prevent the
entrance of "outside moisture" and thus nullify or reduce-the
effect of frost action.

MACHINTOSH, A., "Progress Report of an Investigation -of Frost Action in
Soils". -Proceedings. -International Conference on Soil Mechanics and
Foundation Engineering, Harvard -University, Vol. 2, pp. 260-Z62, 22-Z6
June 1936

A description of the cold room and-equipment for temperature
measurement at Harvard University and -progress -in a detexinina-
tion of the magnitude of force which is associated with thie growth
of ice in soil.

MADDRENA.-G., "'Smithsonian Exploration-in Alaska -in 19%0", Smith-
sonialiMiscellaneous, Collections- Vol. 49,14o. 1741,-pp. 42-w",-1907

The author quotes Tyrrell's hypothesis on !he mode. of-forma -
tion of crystosphenes (udrround *!wedges" or sheets -of-cledr-
ice) found in the Klondike country.

MAIL, 0. A., "'Soil -Temperatures at BozemaLn,, Montana, During Subzero--
Weather", Science, Vol. 83, No. 2163. p. 574, -1?.- Tune 1936

A brief discussion and graphical presentation of air and soil
temperatures-at depths of 0, 3 and 6 ft for-the period-com-
mencing 25.Ianuary 1936-during wWhhtine- BoeAn eprend

its coldest and-most extended period of subzero weather ever
recorded.

MAMANINA, L., "The Effect c." Insulating Layers on the Rise of Caillary
Moisture in Heavy Loams", Poc-.vovedenie (Pedology) (Moscow) ,1944,
(Z-3), 101 -5 -- In -Russian with En~glish summxary. Road Abstracts, Vol. 13,
No. 3, Abst. No. 173, p. 34. 5 March 1946

Results of laboratory experiments on the effectiveness of layers
of gravel and sand in preventing the rise of capillary moisture in
heavy loams.

MATTIMORE, G. S. and RAMN, G. A., "Research on ConcreteDisinteg-
tion", Proceedings, American Ejciety for Testing Materials, Vol. 35, Pt.
2, Technzical Papers, pp. 410-420, 1935

The authors present data on air temperatures and soil tempera-
tures at I -ft depth for the years 1930 to 1934, in northern Penn-
sylvania. and show a correlation between freezing and thawing
and concrete condition of 45 test culvert headwalls.
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MEYER, E V., "Conference Report on Porous (Cellular) Concrete", First ZF

International Congress for Concrete and Reinforced Concrete, Liege, Vol.

2, Question V1-9, pp, 139-144, 1930 -- In French with English sunmunary.
Description of a porous lightweight concrete used for insulat-
ing purposes. Charts show the coefficient of conductivity and
compressive strength characteristics.

MCCLAIN, C. W., "Combating Frcst and Drainage Problem", Proceedings,
2 3rd Annual Road School, Purdue University, Engineering Bulletin, Vol. 2,
No. 3, Extension Ser. No. 39, pp. 57-58, May 1937

A discussion of a general nature on F- C. Lang's paper in
same publication. No data are given.

MOCOLLOCH, 3. W. and HAYES, W. P., "Soil Temperature and Its Influence

on White Grub Activities', Ecology, Vol. 4, No. 1, pp. 29-36, January 1923
The authors, in their study of white grub activities, obtained
daily soil temperatures at Manhattan, Kansas, at depths of 1 to
6 ft from I March 1920 to to 31 December 1921. Although a
mild winter with no soil freezing, the temperature data are of --
general interest for the locality.

MOCOOL, M. M. and WHEETING, L. C., "Movement of Soluble Salts

Through Soils", Journal of Agricultural Research, Vol. 11, No. 11, pp.
531-547, I0 December 1917

Migration of salts in soils from regions of higher to lower
concentrations and with movement of soil are discussed.
Determiition of salt concentrations was made by the freezing

point method.

MCLEOD,-N. W., "Soil Science Applied to Subgrade and Base Course De-
sign*, :Canadian Engineer, Vol. 77, No. 5, pp. 5-6, with discussion on pp.
5Z and 54, August_1939

A review of published theories on the mechanics of frnst heave
constitute-a portion of this article.

MEINZF1R,_O. E., "The Occurrence of Ground Water in the United States",
U. S. Geological Survey Water Supply Paper, No. 489, pp. 30-63, 1923

The author describes various types of water tables; the capillary
fringe; the capillary rise; and the yield and water retention in
various types of soils.

MICHIGAN STATE HIGHWAY DEPARTMENT, "Subgrade Soil Exhibit",
29th Annual Convention and Exposition, American Road Builders Associa-
tion, I1 pp., January 1932

A description of capillary experiments, drainage experiments, dis-
cussion of typical field conditions and g-!ade-design measures for
elimination of frost heaving and exhibit of frozen soil specimens.

MICHIGAN STATE HIGHWAY DEPARTMENT, "Field Manual of Soil Engi-

neering", Revised Ed.; pp. 64, 77-82, 106-109, February 1946, Linsing,
Michigan

Frost heave excavation, frost heave; capillary action, free water,
collection of water in voids, textural changes, frost boils, spring
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breakup and location, investigation, and inspection for preventing

heaves.

ILLER, HERMAN H. and SMITH, DON N., "Methods for Prevention of
Road Failures Due to Frost", Roads and Streets, Vol. 77, No. 6, pp. 219-221,
June 1934

This article presents a plan for correcting frost heaves in roads
.Y in service by digging I-ft-diameter by 2-ft-deep holes at 41- to 8-ft

centers in the road and backfilling with pea gravel and calcium
chloride. Good results are claimed.

ivUSSOURI STATE HIGHWAY COMMISSION, "Soils Manual", pp. 130-133,
1948, The Commission, Jefferson City, Mo.

A discussion of fundamental concepts of the frec .ing and heaving
phenomena, probable location o! frost boils, reducton in bearing
value during tie frost melting-period, and methods for overcoming
the detrimental effects of frost-heaving subkrades.

MOFFIT, F. H., "Geology of the N.,ne and Grand Cent-al Quadrangles-
Alaska", U. S. Geological Survey Bulletin No. 553, pp. 53-54, 1913

Restatement of Tyrrellt s description of "Crystosphenes or
Buried Sheets of Ice in the Tundra of Northern America".

MOORE, W. L., "Descriptive Meteorology", pp. 107-114, 1910, D. Apple-
ton and Co., New York

A A comprehensive treatise on meteorology. Included is a discussion
M_ of "Frosts: Influeice of Soil and Vegetation on Minimum Tempera-

tuies", a major portion of which is devoted to conditions under
which-frost-occurs-in-bogs and the effect of sanding or flooding bogs
to prevent frost.

MOOS, A. VON, "The Part Played by the Foundation in Road Failures",
Strasse u. Verkehr, 1943, 29 (1) 1-7; (2) Zi-9; Road Abstracts, Vol. 12, No.
3, Abst. No. 118, p. 25, March 1945

Purpose of foundation or base,-effect of faulty construction and
criteria for detecting materials or conditions likely to cause
trouble. Special reference is given to prevention of frost damage.

MORTON, 3. 0., "Soil Profile Field Methods in New Hampshire", Proceed-
ings, International Conference on Soil Mechanics and Foundation Engineering,
Harvard University, Vol. 1, p. 247, ZZ-26 June 1936

A brief description of soil survey methods in New Hampshire.

MORTON, 3. 0., TREMPER, B., STOKSTAD, 0. L. and CASAGRANDE, L.,
'Prevention of Detrimental FroLt Heave", Proceedings, Highwady Research

-Board, Vol. 18, Pt. Z, pr 356-365, 1938
A symposium reviewin! the theory of frost action; measures in
use in New Hampshire, Washington, Michigan and Germany, for
preventing detrimental frost action; and suggestions for new
research.

MOTL, C. L., "Study of Laws and Practices Applying to Special Load Limita-
ticns to Prevent Pavement Damage", Progress Report of Subcommittee
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No. 2, Maintenance Committee, Americanx Association of State Highway
Officials, 1947

Status of-enforcement of load limit laws and results of load
bearing tests on Minnesota pavemnents in early fall and in early
spring during the frost melting period.

MOZ LEY, A.. "Frozen Ground in the Sub-Arctic Region and its Biological
Significance", Scottish Geographical Magazine, Vol. 53, No. 4, pp. 266-Z70,
Tuly- 1937

Data on mean annual air temperatures, depth of snow cover,
depth of perennially frozen ground and ground temperatures in
northern Asia, and minaor reference to the existence of plant
and animal life in those regions.

MULLER, SIEMON WM., "'Permafrost or Permanently Frozen Ground and
Related Engineering Problems", U. S. Geological Survey, Special Report,
Strategic PEngineering Study Io- 6Z, Prepared for Military !ntelligence

M Division., O.C.E., U.-S. Army, 1.945. 2nd printing, 231 pp. -Reprint by J. W.
Edw3Lrds Inc., Ann Arbor, Michigar, 1947

A comprehensive treatment of ice and permafrost. Of interest
pertaining to frost action are: !ag of ground teprture: e

hind air temperatures; fundamental principles governing forma-
tion of ice in soil; freezing temperatures of salt solutions; heat
conductivity of soils; and swelling of ground during freezing.

MULLIS, -IRA B.. "Illustrations of Frost and Ice Phenomena", Public Reds
Vol. 11, No. 4, pp. 61-w79, June 1930

The author illustrates various forms of detrim ental frost
phenomena and discusses and presents data-on volume change-
temperature change characteristics of ater and ice; pressure
effects due to frost action;- direction of-heat radiation; size of
soil particle; and the amount of water available.

MUSKIAT, M. and WYCKOFF, R. D'., "'The Flow of Homogeneous Fluids
Through Porous-Media", First Edition, 1937, 782 pp- McGraw-Hill
Book Co.,JAC., New Yozk

This book consists of the following: Part I -- Foundations;
Part 11 -- Steady-State Flow of Liquids; Part III -- The
Nonsteady-State iFlow of Liquids: Part IV -- The Flowi of Gases
through Porous Media; the- subject n-atter of this treatise, the
flow of homnogeneous fluids through-porous media while distinct-
ly limited by th-e qualifications "hoinogeneous'e' and "porous".
is nevertheless sufficiently Wide in scope to find application in
many branaches of applied science. In such fields as ground-
water hydrology, encompassing the provision and maintenance of
water supplies, irrigatiohx,-and drainage problems, and petro.-
leurn engineering involving the production of gas and oil from.

WN theiz underground reservoirs, the epplications are evidently
of basic importance. Equally important are applications to 17F
specific problems encountered in civil engineering, agricultural
engineering and ny industries.
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3Er "Soil--Tem.-PC-rat res.in

NATIONAL RESEARCH COUNCIL OF CANADA, "Soil Teaeratures in
Canada -- Observations of Soil Temperatures", February 1937, Ottawa

Observations were made from 1894 to 1900 at McGill University.

The.mometers were placed at depths (i-n 4 in. to 9 ft in sandy
soil. Other observations were made at Guclph, Ontario from
1930 to 1932 Ad at the University of Saskatchewan 1rom 1921 to
1923 and from 1929 tc 1934 . Some of these results have been
taken from other papers. The effect of snow. rain and air tem-
peratures on soil temperatures is discussed at length. The frost
penetration and depth of water mains in various Canadian cities
is given including Calgary, Edmonton, M{oose Jaw, Regina. Winni-
peg, Windsor, Brantsford, Chathan, and Ottawa_ Perma-rost in
the Hudson Bay area and the X ondike region is slated to he over
200 ft deep4 The-max-nurn depth of tha-r i- gener-lly '- . to
1 Oft fr m the surface.

NATURE, "The Permanently Frozen Soils of Russia", Natu.re L-ondon).
Vol- 123, No. 3106, pp. 741-74 2. 11 Ma. 1929

Abstract of a monograph "Everfrozen Soil in the Bo-.ndaies of
USSR", by Ma Suingin. The Far Eastern C-eortysical Observatory.
Vladivostok, 1927. Gives definition of perpetually frozen soil,
shows its geographical distribution, amd depth; correlates depth of
snow cover wit seasonal fluctuations of temperature in soil; cites
three d iffre rent ty-pes -of tempe rature distribution in pe rmafrost;-
discusses the origin:of perMarost and describes the hydr6ogical
conditions of the permafrosi regions.

ICHOLS. D- A.., "'SOlfluctiolt and Other Feattes in-Northern Canada

Shown by Photographs from the A-ir" Transactions, Rovl Society of
Canada, Third Ser j oL 26,-sEc- 4, p- 267-75. May 1932

Descriptor. of various aspects of solifluction (soil flow) ifi sub-
polar regions due to effect of freezing and tawing. Also in-
cludes description of soil polygons, soil stipes and such topo-
graphic feabres as raised beaches, eskers. and faults-

NMI<IFOROFF, CO1A? '4V, "Perpetually Frozen Snhsoil of Siberia" .

Soil Science, VoL XXVI, No. 1, July 1928, pp. 6i-79
This article discusses the location, thickness and temperature of
permafrost particularly in the vicinity- of Yakutsk, Russ--. The -
well of Shergeen at Yakutsk is stated to be 38Z ft deep and the
temperature at the bottom to be -3°C. A hypothesis as to the
origin of permafrost is discussed. It is pointed out the *Lb cli-
matic- conditions resulting in excess of cold m-ay -cause the per-
realrost. T-e other theory Points out that pe.-mirost nay have
been caused by glacial acuon. There is a discussion of soil"
blisters and ice caverns. It is -Znoited out Ph-t agriculture bry
the Yakuts has been successful in suite of the fact that the grow-
ing season is only ! 00 days long. Of course, during the grow-ing
season, the sun shines fron 21 to 22 o!rs Per d -. -airying
is -he principal agriculbural Pursuit. It is pointed out that per-

_petually frozen subsoil in North Ainezica has received --ery
itle discussion technical literature. A series of manks an
graphs illustrang -te autior s dissertation are included.
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INUNN, E. H.. '$Subgrade Protection and Winter Pavwingson -Access Roads"1
Calciim Chloride A-mssociation News, YeP t8. -No. 4. P., 10, 1 August

Brief descrin-io of the use of calium chloride to pre-.Ent
freezing of te suibgrade ia tinter constructon.

CSTERERG'. 10., "A Sukrvey Of ILE Frost Heaving rbe" Civil Efti
itering, O 10Wo. 2, pp-. 100-402, February 1940

A descriptionodmaedetfrsbaea eewf the
mneclbans of- frost heave; the relatrio-ap betweenm grabn size
and caniflarity. and-heavinmg; and -actic-al mzeans of' prevent-
ing fro-statig

2AL1X R.C. A., "Permafr-ost Problems", Civil Engimeer Corp-s Bulletin.
VoL 2, No. April 19484. Bureau- UfYrs n ecs i S. Navy

Report consists primarily cf a list oI precantions tamt must be
Wake when building in pemfotaes(list has 16 precautions)

-Lie., variation in sunoor-Ifu coebetweenf-roszen and- tha-wed-
grtd thne grou-nd under iridnson oerrn-afrost tends to freezte
less and- thaw more thereby effectively lowerinmg he~ permmafrost
table, etc-. The origin ofetalyeds" and- ice modunds are dis-
cussed. The mecessar-yreseairch in etiations that should be
ear-red onL are discussed. flistussionm ofprsnl a-A liMl and
laboratory eiunent necessary- for- Vheresar is include&

PALMER, L-.A. and ZHOPSO N, 3.3 B. "P-rmn Evakti=- -byo
Tests at Niaval. antm Marine Corp--s AfStaib'-", Presented athe7h
Amrs.! Mteen of thfe Uighny ResnarchL Board,- $47

Data Cf iunterest relative 46 stnies of Ifrost action ate exist-
og SOL. moistare Contents Correlated witza soil tyne.

PARADIS, LH2E "FotUndtis X-7rtetoiAgis rost HeviC
Canadi-anEagimer. VOL l. 67. o1, PP. 21-24,s 16 October- 1934

A descr-ipotio of field ezue-rimnats inokngte use -of "same
rteionew np to 12 b..iam devt4and a discussion cfit e use of
sand cushions as bases-unmder ro~ads to neetfothaig

PATERSON, T. ---"The Effects of Frost Action am-SlfriaAon
Amm Bay- &an in- ie Cambridge Disfrit'. QatrrJoura fth -o

A2orial Socie ty of Lcondon, Volt -96z a- 8 .%r 99- 13 0, April 1940
DescrFino of frost craceki, mud and stepoycsar
solifluio (soil nio) ant diszcussion of tbe: origin of fros
cr-acks, Uhecries of te ionimacrof polyrgonal strc-cttres.
and vlecac of snlifluxion.

P-ATTEN, -H- E., "Heat Transference in ;So-ls", U. S. Dept.* of Agnicultor-e,
Buraum of Soils, S BUllti No. 59. 19T09, 54 pp.

mhe res!ults caboaoy'xeimna stmdr a reniew of
literature on Cze thermal. properties of sol.Presented
are en ri'ena and derived data on heat of weting, diffms-

hiyrate, relation between- surfakce area, zmoisture filmn, and
heat' conductivity, and diffusivityI for? soils rangin fron
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e4&arse quatzr t60cay.

PEN!YLVN1AROAD BULDXER, "Preventing Defrimebi' Frost Heaving".
PensyvaiaRoad Builder, Vol. 13 No.9, pp..4 andZ 15f Septezmber- 1942
Brief discussionA on e usc of alciin cLord in soils and;
son-aggr-egate =Axes to o--veet detr -imnl frost -ctio0n.

n;,v~~. p ~.. at nnt.S. M... "so- Mechani-cs anld FWndations",
pp- 131-210, 3353-357. 1940, Pitenaz Pulishing Corp., ies Yrork -

He--r of ... ,,t iihavslb.ce segaapi 0 - &"tct of !erflffe

efk-cl at olli - -mteria', morvemenpt of water to for= Ie
crystals, effectr of ronmsoilion, effect of water tabl leye!.
effect of surface load1, unfavor-able sn-bgrade c-ndioxnos, aaw-
ing of 're= soil, frost in foun-mdations, ty-pical frost bavn
erAznralc, and prrninof frost enaing are d-iscussec --

POmmxt=AR SCINC MOTLYRe-olt of &me E.r'--. Pern-iafrost Tests
l~~iy.of Arc&tic Builders", flpala Science Monthly. VoL 149pp.

I2-2), Novvember 1946
Prdtdisczzsls-- of diffculffes -3- bnild in per-mafr-ost-

PORSUD. A. E., "Eati Mounds ift. laise A-rctic Nortaciwst
Alaska", Geograthical-Rcriew, VoL 28, No. 1. 1938

OrigZin a ofmuds- - ypot Umeses covered-&are ()b yrui
L.4ssu-c. cracks caused on stIat wi-t possibe stady- seepmaSe
aftetrnard; ( ) so-called Naia upheaval"% on low ma~rginal plain.
Descrip -ca-xz phtu a!of**t. Zs" 'with cross section of

orals dsci son f emnnt uni hei cuseinludd.Local-
u~beaval is due to expazszon ox water as dowinward- Ire-mg-j 0-
gresses. Mentio of zd-old Storage vaults on pingos" n oreu
regzon i discassiozi of tbimride oforgn

PULCWORKS MAGAZiNE. "Soil Eventing asid Frost Pub'.T~lc
Works Magazime, VOL. 67, -no. 2 p.4-2Ferry1935

A 5y-mopusof 4K report by G. Beskowm, "Tjaidn Ogen
Statezs Vaginstitut. )Jeddeland 48. Sweriges

Geologrisia0 Undrsokninj, 5cr. C, No. 3 73-, Stock-3-o1 M. 1935,
The synpsi aper e ~~ad Avbs-tracts. (Sec reference nmdr

RAMaAUT, -A. A., "Res:tI of Meteorological Obser-vations", Also Under-

grout- Temperatares in. Twelve Years, 1898-11910. Redrfe Observations.
Radlffe Observatory, Oilord. V-L- 51 pp. 103-215. 1916. Oxford Universit
Press, odn

rTs publication de-scribes Apparatus and method-s of reducig
observ-ations of eart tem-nperatuares, discussns observ-atioans.
coukpcUtt of thermnalifus15inI)o gOa ved in whlich toervmr.
ters were placed, and amltdsof tenseratnre wae.ChartIs -

sSota -tan momfhy tem-peratares. of the grudforvrks
depths, are include.



RAVN,. H. -H., "Frost Damage on Roads". Dansk Vjtidssk1r. 1939, 16(14),j
pp- 142-148.: Road Abstracts, Vol. 7 No 3, A,:bst. N6. 81, ump 37-38,

Akpril 1940
A general review of the theory of frort action and the many and
varied mneans of -preventing damage due_ tc frost- Sorti of the
mean- of revention zmention-ed are (I' i-eplacement wit coarser
soil; (2) use 01 prtective- courses; (3) us-o inlsulaigcore

of'brush. sfr;Kw or hay;. (4) per-mitting rapid freezing9 br imune-
diate rermoval. of snUow; (5) the use of adx-zixi- re s: an()
drainage.

RAV-PI;H. H.. "The Orilginof Frost Daniase anid Methods of Cmmbatzino_
if%, flxnm-s Vej~qAcr. 1940,i 17 111 pp.-Z,(3 90-97, 2B) 151-171,

Roa AbtratsVol. 14, -No.A,4Abst. N 'i'p-.48 1 Apri 11;U ZHira

Research Abstrads, Yo 41. p. 6. May1941
A-discussio'- Snihe mneclaics of frost heaving;: d--pth- of frost
poenetratio- n aunt of heav-ing: effect of surfLace loading, praim
size- of soi, and temperature on heavwing: laboratory andA field
tests, i-ifecti-eness of Wran u'r bases, insulation tbtJmoss,
tec) drainage awl chemcal treatment of soils.

ROADS AND STREET7S, "Simple Method of Prevemnirg 5rigBekpO
Roas" Rceds am Strets. i , _No 1p. 81. Octobe-r 19:1

Description of mnethod or introducing ca'ciwrm chloride and- pea
gravel in holes insuaraAe to prevent. spring break-up.

ROBERTS, M4., "*Notes on the Action of Frost on Soi!" JournalI of Ceolomy,
- Vol 11, o. 3,pp. 314-31-7, Api-a 1903

Description ag ground sur ace hoar Frost (needle ice, Stedish
pipkrake) formed in the Puget SIound area from~r 13 Ficbtruarv to
-18 February-1903 wit gronm temeratuares as low as 240 F.
lntbzd"s four totes -shoving- ice fo.-X' in six layers5 rngni9
in heigtro 3/8 to I inmth

ROOT, W_ H.. "Vertal Drain-age" from HgwyMitnac efrac
Items, Summetr 1947.- An unp-tblished report, of highway Minternncau
assembled by Pu blic Roads Aaini-tration

Exiperience i he use of dz~ep vertical drains to prevent fr-ost
heaving-

RQWA.T, R_ M.. 1"Control. of F rost THeave" Prceigs 9hAnnual mwet-
rng, Highway Research Board3 Decem~ber 1939, pp. 464 to 4166

The author describes the use of salt in the -'-evention OF frost
heave on railroad tracks. 'Frost!heave till-' not take place if1
the soil water in a susceptible area does not freeze- SeveralF methods of appying the salt to the r-dbed are discussed, bzxt
the import&nt factor -is to apply the-salt, early enou-gh so that
it may be thor-oughly distURbted ov.er the suscep.ble' acrea by
the -time fr-eezing start-s- T1he amator suggests tc- use t f salt,

aan admixture in subbase courses of highways as a frost

(N control measure.
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1938, 41 (484), 356. Road Abstracts, Vol. 5, No. 7, Abst. No. 388, p. 110,
October 1938

By using an analogy between the differential equations of
diffusion and heat conduction, a law has been obtained giving
the spacings between ice-streaks in frost heaving. The law
is said to be in accordance with the observations of Taber.

SHANKLIN, 0. B., "The Effects of Moisture on the Thermal Conductivity
of Soils", Transactions, American Institute of Electrical Engineers, Vol.
41, pp. 94-101, 1922 P

This article presents a review of previous data on heating
by underground cables; gives data showing the effect of soil
moisture on the thermal conductivity of soils in dissipating
heat generated within the cables; and detailed description
of apparatus and test methods for determining the thermal
conductivity of soils at different moisture contents. Biblio-
g;i aphy.

SHANNON, W. L., "Frost investigations at Dow Field, Bangor, Maine",
Proceedings, Highway Research Board, Vol. 24, pp. 71-86, 1944

Design of bases on soils affected by frost; definition and
description of frost action; weather, soils and frost-heaving
dala; and accelerated traffic tests on flexible and rigid
pavements at Dow Field.

SHANNON, W. L., "Prediction of Frost Penetration", Journal, New Eng-
land Water Works Association , Vol. 59, No. 4, pp. 3 6-363, December
1945

Data on and di- ussion of factors influenci.:g frost penetration;
the freezing index-(with an approximate formula for computing
FJ.); thermal properties of soils; depth of frost penetration
and means of computing it; correlation between depth of frost
penetration and freezing index; and freezing index frequency.

SHANNON, W. L. and WELLS, W. A., "Tests-for Thermal Diffuaivity of
Granular Materials", Presented at the 50th Annual Meeting of the Ameri-
can Society for Testing Materials, 16-29 0une 1947

Description of apparatus -and test methods, analyses, and
results of tests to determine thermal diffusivity of a number
of different granular materials.

SHARP, R. P., "Ground-Ice Mounds in Tundra", Geogrophical Review,
Vol. 32, No. 3, 194Z

Description of grour, icz mounds in Wolf Creek region; photo-
graphs and cross-sectional sketcies included. Mode of origin
discussed may be due to hydraulic pressure or of Porslid's
"upheaval" type; -definitely not entombed ice because of surface

eindications of upheaval. Discussion of cycles observed in the
development of ico mounds and their relation to the tundra
topography produced; knobs and depressions more or less man-
tied by vegetation contair.ed in report. Ground-ice mounds should
be con.-'dered along with solifluction. frost heaving, and "Palsen"
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formation in the development of tundra topography.

SHARP, R. P., "Soil Structure in the St. Elias Range, Yukon Territory",
Tourna) of Georiorphology, Vol. 5, pp. Z74-301, 1942

Invest'gations carried on ir. Wolf Creek area of St. Elias Range,
Alaska. Del*criplions with sketches or photographs include those
of stone nets, stone garlands, stone stripes, earth stripes, and
earth hummocks. The descriptions are followed by a study of
the origin of the various features. Frost action important in

-f the formation of each of the above structures with slope deter-
mining the specific shape of various stone and earth features. Age
of structures appears to be about 100-200 yrs.; however, some
may be 4000 yrs. Stone nets occur on iiat or very gently sloping
ground; stone garland on slopes of 5-15 degrees, stone stripes
on slopes of from 7 to 30 degrees. Fines elevated by the forma-
tion of ice wedges below and within them. Earth stripes are of
unknown origin except for the fact that they are irost phenomena.
Earth hummocks are caused by the flow of material away from
ot.er areas that froze somewhat earlier. They occur on the flat
er slop-es up to 20 degrees. Ninety references cited in body of
report. Good sketches and photographs describing phenomena.

SHARPE, C. F. S., "Landslides and Related Phenomena", A Thesis, 1938,
137 pp., Columbia University, New York

A purely descriptive review based on a field study of a wide range
of typical cases and an extensive review of the literature, of the
present state of knowledge of mass movements of soil and rock.
it includes a section on "Frost Action and Solifluction (soil flow)"
and an extensive bibliography.

SKELTON, R. R., "Field Observations of Frost Heave", Proceedings, Pur-
due Conference on Soil Mechanics and Its Applications, Purdue University,
Symposium on Frost Action, pp. 460-470, 2-6 September 1940

Methods of observation and results of field observations of
frost heave and related factors on a portland cement concrete
pavement in New Hampshire.

SLATE, F. 0., "Use of Calcium Chloride in Subgrade Soils for Frost Pre-
vention", Proceedings, Highway Research Board, Vol. 22, pp. 422-441,. 1942

Methods used and results of field application of calcium chloride
in pockets cut through road surface and base; results of field
and laboratory studies of migration of chloride; and its effec-
tiveness in preventing frost heave.

SI..ATE, F. 0., "Use of Calcium Chloride in Subgrade Soils for Frost Pre
vention", Calcium Chloride Association News, Vol. 9, No. 1, p. 5, 1 February E
1943

Condensed synopsis of a paper appearing in Proceedings, Highway
j Research Board, Vol. 22, pp. 422-441, 194Z.

SLESSER, CHARLES, "The Migration and Effect on Frost Heave of Calcium
-. Chloride and Sodium Chloride in Soil", Purdue University, Engineering
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Bulletin, Vol. 27, No. 4 (Research Ser. No. 89, Highway Research Bulletin
11), July 1943, 168 pp.

Survey of literature, comprehensive field and laboratory studies
of migration of chloride salts and laboratory studies of frost
heave. Bibliography.

SMIRNOFF, A., "Soil Temperatures and Cable Rating", Electrical World,
Vol. 82, No. 9, pp. 438-439, 1 September 1923

The author presents year-round temperature data of soil at
depths of 18, 27 and 36 in.; mean air temperatures; rainfall
in inches and solar radiation in g. calories per sq. in. for
Washington, D. C. and constructs soil temperature-cable
rating charts.

SMITH, A., "Seasonal Subsoil Temperature Variations", Journal of Agri-
cultural Research, Vol. 44, No. 5, pp. 421-428, 1 March 1932

Includes soil and air temperature data taken at Davis, Cali-
fornia and a discussion of the range of soil temperatures of
various depths.

SMITH, ALFRED, "Daily and Seasonal Air and Soil Temperatures at Davis,
California", Hilgardia, Vol. 4, No. 3, pp. 77-l iZ, May 1929

Observed air and soil temperatures at Davis, California. This
reference is given because it describes the installation of
thermometers. Winter temperatures of the soil did not fall
below freezing.

SMITH, ALFRED, "Effect of Paper Mulches on Soil Temperature, Soil
Moisture, and Yields of Certain Crops", Hilgardia, Vol. 6, No. 6, Novem-
ber 1931

In this investigation, particular emphasis has been placed on
Zsoil temperature, soil moisture, and the effects of different

types, grades, and colors of paper. Certain crops were used
as indicators aud the effect of different papers and methods
of laying them carefully noted.

SMITH, ALFRED, "Comparisons of Day.eime and Nighttime Soil and Air
Temperatures", Hilgardia, Vol. 4, No. 10, December 1929

A-discussion of the relationship between the rate of percolation
and soil temperature and a charted summary of soil temperatures.
Air temperatures were obtained by means of a thermograph placed
in a U, S. Weather Bureau shelter and soil temperatures were
automatically recorded every 15 minutes by means of a Leeds
and Northrup temperature recorder with electrical resistance
thermometers placed at several depths in an area that was kept
free of growing vegetation. Details concerning the area at Davis,
California were described in Hilgardia, Vol. 4, No. 3, May 19Z9.

SMITH, A., "A Contribution to the Study of Interrelations Between the Tem-
perature of the Soil and of the Atmosphere and a New Type of Thermometer
for Such Study", Soil Science, Vol. 22, No. 6, pp. 447-457, December 19,6

Factors influencing soil temperature are summarized and
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temperature interrelations between soil and atmosphere
for daytime and nighttime are given. Bibliography.

SMITH, H. W., "Frost Damage to Sealed Surfaces in Southland", Proceed-
ings, New Zealand Institution of Engineers, Vol. 3Z, pp. 570-594, 1945-46;
Highway Research Abstracts, No. 138, pp. 2-4, February 1947

Description of road surface failures due to frost action;
mineralogical description of aggregates used; specific heat
and thermal conductivity of various materials; soil tempera-
tures and computation of time required for frost to penetrate
bases of various materials and thick-ness.

SMITH, W. 0., "The Thermal Condt~ctivity of Dry Soil", Soil Science, Vol.
53, No. 6, pp. 435-459, June 1942

Experimental procedure on monolith samples. Thermal conductivity,
porosity, volume weight and specific gravity- data on air-dry
monoliths of several soils; thermal transfer in structureless
soils and in structured soils; approximate calculation and values
of the thermal structure factor; and thermal conductivity of
peat solids.

SMITH, W. 0. and BYERS, H. G., "The Thermal Conductivity of Dry Soils
of Certain of the Great Soil Groups", Proceedings, Soil Science Society of

* .America, Vol. 3, pp. 13-19, 1938
The thermal conductivity of dry soils and its relation to
volume weight and porosity; and the conductivity of different
soils of the various great soil groups. An equation is developed

I' by means of which thermal conductivity can be computed.

SMITH, W. 0., "Thermal Conductivities in Moist Soils", Proceedings, Soil
Science Society of America, Vol. 4, pp. 3- 10, 1939

A supplement to a previous paper by the author on thermal
conductivity in dry soils (Proceedings, Soil Science Society,
Vol. 3, pp. 13-19, 1938). Experimental data are given for
four soils. Of particular interest in the experiment was the
movement of moisture from the warm to the cool side of the
sample undergoing conductivity test.

SMIIHSONIAN PHYSICAL TABLES, "Density and Volume of Water",
Smithsonian Physical Tables, Smithsonian Miscellaneous Collections, Vol.
7,, p. 20, 19Z1

Table showing the density, and volume of water by degrees C
from -100 C to 2100 C.

SOUR WINE, J. A., "A Method of Ar" lysis of Data on Frost Occurrence for
Use in Highway Design", Public R. -1s, Vol. 11, No. 3, pp. 51-60, May 1930

A statistical study of intensity duration and frequency of low
temperature occurrence over a period of years and a suggested
method by which climatological records may serve as a guide in

the determination of probable ground freezing occurrence. Dis-
cussed are: source of data; suitability of absolute minimumKtemperatures; critical air temperature for ground freezing;
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critical depth of freezing; critical soil temperature for freezing;
relation between minimum temperature in air and in soil;
frequency of minimum zemperatures; critical value of lowest
monthly average of daily minimum temperature; effect ot precip-
itation; and effect of duration. of cold.

SOURWINE, 3. A.. "Art of Preparing an Earthen Foundation", U. S. Patent
No. 2, 16Z, 185, 13 June 1939

A patent covering the use of any liquid other than water and
carrying in suspension less than 1-1/2 percent of solid matter,
having a freezing point lower than water and possessing the
physical capacity to form a thin capillary film for the purpose
of incorporatiug with soil to insure stability against-ground
freezing and ground heaving. The claimant specifically exempts
bituminous materials, "sulfide wastes", or residual liquors,
calcium chloride and sodium chloride. The method of preparing
the foundation is specified.

STOKSTAD, 0. L., MORTON, . 0., TREMPER, B., and CASAGRANDE, L.,
"'Prevention of Detrimental Frost Heave", Proceedings, Highway Research
Board, Vol. 18, Pt. 2, pp. 356-365, 1938

A symposium reviewing the theory of frost action; measures its
use in New Hampshire, Washington, Michigan and Germany for
preventing detrimental frost action; and suggestions for new
research.

STRATTON, T. H., "Military Airfields: A Symposium. Construction and
Design Problems. Design of Drainage Facilities"- Transactions, Ameri-
can S6ciety of Civil Engineers, pp. 684, 764, 778, 781, 783, 1945

Brief statements on design of military airfield pavements for
frost action are included in the general discussion.

SWANBERG, I. H., "Temperature Variations in a Concrete Pavement and
the Underlying Subgrade", Proceedings, Highway Research Board, Vol. Z5,
pp. 169-180, 1945

Temperature variations in concrete and the underlying subgrade
over a 5-year period in Minnesota.

SWANBERG, 3. H. and HANSEN, C. C., "Development of a Procedure for
the Design of Flexible Bases", Proceedings, Highway Research Board, Vol.
26, pp. 44-57, 1946

The results of field and laboratory studies to establish the
relationship between field performance of flexible type bases
and bearing values obtained in the laboratdry. Included are
significant data on soil moisture and density changes.

TABER, STEPHEN, "The Growth of Crystals Under External Pressure",
American Journal of Science, Fourth Ser., Vol. 41, No. 246, pp, 532-556,
lune 1916

Discusses the phenomena associated with growth of crystals
in an alun solution, and in a copper sulphate solution, and
relates such crystal growth to the growth of ice crystals
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associated with frost heave.

TABER, S., "Ice Forming in Clay Soils Will Lift Surface Weights", Engi-
neering News-Record, Vol. 80, No. 6, pp. 262-263, 7 February 1918

The author describes the results of placing metal weights on
wet stmd and on wet clay and freezing during cold nights.

TABER, STEPHEN, "Surface Heaving Caused by Segregation of W'ate-
Forming Ice Crystals", Engineering News-Record, Vol. 81, No. 15, pl.)
683-4, 10 October 1918

A discussion of articles by J. L. Harrison, Engineering News-
Record, Vol. 80, No. 9, pp. 418-420, 28 February 1918, and by
C. D. Nlorton, Vol. 80, No. Z2, p. 1058, 30 May 1918, in which
Taber disputes their claims and presents his hypothesis on the
formation of ice layers and the cause of frost heave.

rABER, STEPHEN, "Frost Heaving'", Journal of Geology, Vol. 37, No. 5,
pp. 4-28-461, July-August 1929

Taber describes the experimental procedure followed: gi-ves an
explanation of ice segregation; and discusses the following
factors which influence frost heaving, size and percentage of
voids in soil, size of particle, water content of soil, and rate
of cooling. He also discusses depth of freezing, direction of

* cooling, external pressure, crushing strength of ice, differ-
ential heaving, effects of thawing and refreezing, and shrink-
age of clays caused by ice segregation.

• TABER, S., "The M echanics of Frost Heaving", Journal of Geology, Vol.
38, No. 4, pp. 303-317, May-June 1930

A tentative hypothesis explaining the mechanics of frost heave.
This article supplements that given in Journal of Geology, Vol.
37, No. 5, pp. 428-461, July-August 1929

TABER, S., "Freezing and Thawing of Soils as Factors in the Destruction
of Road Pavements'*, Public Roads, Vol. 11, No. 6, pp. 113-137, August
1930

A summary of Taber's comprehensive studies of frost action in
soils. Apparatus and test methods are described. Freezing
effects in closed and open systems; direction of growth of ice
crystals; grain size; soil composition, water supply, rate of
cooling; effect of load pressure; the mechanics of frost heaving
in open systems; and freezing and thawing of soilsunder pave-
ments are discussed.

TABER, S., "Discussion on Frost Heaving", (Abstracted), Proceedings,
Highway Research Board, Vol. 11, Pt. 1, pp. 173-7, 193-

A sun-anarization of Taber's hypothesis on the mechanics of
frost heaving, and discussion of the Benkelman and Olmstead
theory.

TABER, STEPHEN, "Perennially Frozen Ground in Alaska; Its Origin and
History", Bulletin of the Geological Society of America, Vol. 54, No. 10,
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1943, pp. 1433-1548

Comprehensive treatise on permafrost. Principal subject matter
includes: extent of permafrost; present clmate in Alaska; vege-

tation, geological processes; Quaternary geology; perennially
frozen ground- ground ice. Illustrated. Bibliography.

TERZAGHI, C., "The Sc.ence of Foundations -- Its Present and Future",
Transactions, American Society of Civil Engineers, Vol. 93, pp. 291-293,
1929

An analysis of the conditions required for producing the lifting
effect caused by the adfreezing of soil to piers.

TERZAGHI, KARL. and PECK, RALPH B., "Soil Mechanics in Engineering
Practice", 1948, John Wiley & Sons, Inc., New York

Part A deals with the physical and mechanical properties of
homogeneous specimens of undisturbed and remolded soils. It
discusses those properties which serve as convenient criteria
for distinguishing between different soils and provides in-
structions for describing soils adequately. It also deals with
those soil properties that have a direct bearing on the behavior
of soil masses during and after construction operations. Part B
provides the reader with an elementary knowledge of the theories
required for solving problems involving the stability or bearing
capacity of soils or the interaction between soil and water.
All these theories are based on radically simplif)ing assump-
tions regarding the mechanical and hydraulic properties of the
soils. Nevertheless, when properly applied, the results obtained
by means of these approximate procedures are accuratc enough

for most practical purposes. Part C deals with the application
of our present knowledge of soil behavior and of the theories of
soil mechanics to design and construction in the field of foun-
dation and earthwork engineering. The design of pavements
for roads and airports is represented only by references in
the Appendix because it constitutes an independent and highly
specialized branch of earthwork engineering.

THOMAS, B. P., "Thawing Fr% "-en Subgrades", Calcium Chloride Associa-
tion News, Vol. 9, No. 1, pp. 8, 10, 1 February 1943

Review of experiences during wartime construction where cal-
cium chloride was used to accelerate thawing of frozen subgrades.

THOMSON, V. A., "Soil Temperatures at Winnipeg, Manitoba", Scientific
Agriculture (Canada), Vol. 15, No. 4, pp. 209-217, December 1934

Describes the installation of clectrical resistance thermometers
at depths up to 15 ft.; presents soil temperature variation curves
covering a threedycar period; and discusses the effect of snow
cover on soil teknperature.

TUCK, RALPH, "Origin of the Muck-Silt Deposits at Fairbanks, Alaska",
Bulletin of the Geological Society of America, Vol. 51, pp. 1295-1310, 1940

Introductien covers discussions of problems, description of
district, mention of permannently frozenground to depths of
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200 ft, mentions location of frozen ground below muck deposits
but in general not below silt deposits. Muck exists in valleys
with the exception of Tanana River wl-ere grave: flats are
exposed, but a lower muack horizon exists below present s1 7eamn
gravel. Relation of silt to glaciation and rock floor of glaciers
and indications of climate and vegetation from deposits of
muck and silt are discussed in report

TYRRELL, J. B., "'Crystosphenes or Buried Sheets of Ice in the Tundra of
-T Northern America", Journal 6iGeology, Vol. 12, 2o. 3, p. 234, April-May
P1904

Mr. Tyrrell presents thezries which he thinks account for the
formation of glaciers, the surface masses of ice formed etch
winter by the overflow of springs and ground ice He suggests
that the name "'crystocrene" (derived from the Greek words
s"ice*' and "'fountain"N replace the name "glacier" and also
suggests the name "crystosphene (derived irom the Greek words

4 for "ice" and "wedge") for ground ice or the ice wedges exist-
ing below the ground surface. His theory for the formation of
underground ice is that underground flows of water have came to
the surface in the form of springs, "freeze at the surface and the
ice continuing to form downward until, a few feet below t:.e sur-
face but still within the influence of the external low temperature,

* ,a plane of weakness is reached in the stratified frozen vegetation
or alluvial deposit, such planes of weakness being geaerally
determined by the presence of thin bands of silt or fine sand-....
and there the main body of the ice wedge is formed". Location
discussed is the Klondike country.

UJ. S. DEPARTMENr OF AGRICULTURE, "Climate and Man", Yearbook
of Agriculture, Pt. 5, Climatic Data, with Special Reference to Agriculture
in the U. S., pp. 6-64-1210, 1941

Charted and tabular data or tezmperature and precipitation up to
19S8. Inclue.s 46 chartcd n , es of the U. S. as well as clirtic
sunirnery tables, precipitaion and temperature tables, special
frost tables and supplementary climatic notes for each state.

U. S. NAVY, "Permafrost Must be Respected". Civil Engineer Corps Bulle-
tin, Bureau of Yards and Docks, p. 1Z3, Vol. 2, No. 18, May 1948

General rewrite of U. S. Army field experience in permafrost
together with some ovi.side information. Work covers Army's
work at Ladd Air Force Base, Fairbanks. General information
on permafrost included, i.e., types of vegetation, the significance
of the various types, some preventative measures to be taken in
permafrost areas, mention of the active and passive methods of
dealing with permafrost. Sketches showing construction methods
to b* used are included, i.e., insulation, the various types of
insulation, methods of placing insulation, methods of insoring
flow of air beneath building.

U. S. WAR DEPARTMENT, "Airfield Pavement Design: Frost Conditions:,
Ad Interim Engirneering Manual for War Department Construction, Pt. 12,
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Chapt. 4, U. S_ War Department, Corps of Engineers, Office Chief of Engi-
neprs, July 1946. 10 pp.

Conditions affecting frost action; heaving; insulating raerials:
base composition rquirrements, and protection of subgrade for
flexible and rigid 7avements with examples of design tor frost
action.

U. S. WJEATHER BUREAU, "Climatic Surnuary of the United States", Bul!e-
tin W, Sec. 1 to 105, 1930

Climatic data froxn the establish-tent of stations to 1930 inclusive.
See also monthly stuimm-aries of weather data by states for elimatic
data frorn 1930 to present.

U. S. WEATHER BUREAU, "Averaie and F%-emne Depth of Frost Penetra-
tion, Undated Maps.

Mlaps of the U. S. show!.-g (1) extreme frost penetration, and
(2) average annual frost penetration.

URQUHART, L. C., "Civil Eagineering Hnndbook", Znd Ed., pp. 6a7, 840,
1940, McGraw-Hill Book Co., New York

_xpansion of earth on freezing, depth of frost penetration, and-
rate of change of temper-t..-t of water. fi

VISHER, S. S., "Climatic Laws", 1924, 96 pp.. Sohn Wiley and Sons, New
York

This book conteins 90 generalizations with numerous corollaries
cozcerning the geographic distribution of temperature, wind
and moisture. No specific Zata of value in t.e solution of the
frost action problem is given.

WAYLACE, ROBERT E., "Terrain Analrsis in the Vicinity of Northway,
Alaska with Special Reference to Permafrost", Permafrost Program Pro-
gress Report No. 3, july 1946, U. S_ Dept. of Interior, Geological Survey

This report describes the permafrost conditions, ground tyxpes,
construction considerations, and methods of identification of
five major terrain divisions, their subdivisions, and their
associated lakes in the vicinity o! Northway in the Upper Tanana
River basin of eastern Alaska. The five terrain divisions are
river flood plains, sand dunes, lake-sediment terraces, alluvial
fans, &nd bedrock areas. A major purpose of the investigation
resulting in this report was to determine the relationship of
permafrost to terrain types in the Northway area so that ultimate-
ly criteria can be established for the prediction of permafrost
ronditions in areas of possible military importance riot accessible
for ground investigation. Emphasis was placed on the use of aerial
photographs in the analysis of terrain divisions.

WAR DEPARTIIENT, "Frost Investigation, First Interim Report, Decem-
ber 1944", Frost Effects Laboratory, Boston District, . E.

This report presents the status of the frost investigation pro-
gram anid results of tests by the Boston District, the M1.issouri

- River Division, and Great Lakes Division to I December 1944.
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WAR DZPARTW.NT, "Frost Investigation, Second Interim Report, April -

1945", Vols. I and H, Frost Effects Laboratory., Boston District, C. E.
This report presents the additional data, I December 1 94+ to15 March 1945, secured since submission of the First Interim

= Report for each &irfield seLe.cted for investigation in the Boston

District, Missouri River Division and Great Lakes Division.

WAR DEPA RTAENT, "Frost Investigation, 1944", Corps of Engineers,
Boston District, Tanuary 1946

This is a report of the frost investigations performed at Dow
Field, Bangor, Maine, during 1944,for the purpose of determin-
ing the influence of frost action on the subgrade soils beneath
both rigid and flexible pavements at Dow Field upor. the gross
plane weighnt evaluation of these pavements. The testing pro-
gram consisted of the excavation of test pits, explorations to
determine base and subgrade soil profile under test areas,
application to paved surfaces of controlled traffic during frost
melting pen. od, and the performance of pavement bearing tests
during the frost melting period.

WAR DEPARTMENT, "'Frost Investigation, 1945-1 946", Corps of Engineers,
Boston District, Tune 1946

This is a report on studies of base course treatment to prevent
frost action. This report presents (a) a summary of previous

* ' investigations performed by others, to study effect of ad ixtures
on frost action; (b) the results -of laboratory tests performed to
determine suitability of various admixtures and combinations
o1 admixtures; (c) results of laboratory tests to determine

whether leaching of salts could be retarded or prevdnted by the
addition of bituminous materials.

WAR DEPARTMENT, "'Frost Investigation, 1944-1945, Contprehensive
Report", with 15 Appendices, Corps of Engineers, New England Division,
February 1947

A comprehensive rep0rt covering laboratory work, review of pre-
vious investigations, and field studies at 15 airfields in the United
States.

WAR DEPARTMENT, "Report on Frost Investigation, 1944-11945", Corps

of Engineers, New England Division, April 1947

This report presents a summary of the studies, the observatious
and tests made, and the conclusions based upon these data in-
cluding Part XII, Chapt. 4, Ad Interim Engineering Manual.
The work presented includes the data obtained in the investiga-

. tions conducted in 1944 and 1945. The program for 1944-1945
consisted of the following phases: (1) A review and analysis
of previous investigations of frost action; (Z) Performance
of laboratory controlled tests to deter mine coefficients of heat
transfer of various soils; (3) Observation and testing of effect
of frost action during winter 1943-1944 and 1944-1915 under
paved and turfed airfield areas; and (4) the review and analysis
of results of investigations performed.

I1
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WAR DEPARTMENT, "Frost Investigation, 1944-1945", Corps of Engineers,
Missouri River Division, July 1945

Report of investigation to determine the development of frost
action in subsurface pavement t-lements as affec*cd by varying
conditions of weather. soils, and groundwater. I .e airfields
studied were: Sioux Falls Airfield: Fairmont Airfield; Great
Bend Airfield; Garden City Airfield; and Pratt Airfield.

WAR DEPARTMENT, "Airfield Pavement Design: C.anstruction of Airfields
on Permanently Frozen Ground", Corps of Engineers, Office, Chief of
Engineers, October 1946, Engineering Manual for War Departm-nt Construc-
tioi, Part IZ, Chapter 7

Design for conditions in permafrost regions, incluing design
for freezing as well as thawing of foundations, :or r.ads, air-

- .fields, and structares.

WATKINS, W. I., "Discussion on Frost Heaving", (Abstracted), Proceed-
ings, Highway Research Board, Vol. II, Pt. 1, pp. 165-1'68, 1931

A discussion nn the theory of frost heaving.

WATKINS, %V. I. and AARON, H., "'The Soil Profile and Subgrade Strvey",
Public Roads, Vol. 12, No. 7, pp. 51-64, September 1931

A study of the relationship between frost boils and soil structure
and the soil profile.

WATSON, W., "Change of Volume During Fusion, and Latent Heat of
Fusion", A Textbook of Physics, Paragraphs Z09 and 211 , pp. 236-239,
i 911, Longmans, Green and Co., New York

Volume change oi water changing to ice and latent heat of fusion.

WERNECKE, LIVINGSTON, "Glaciation, Depth of Frost, and Ice Veins of
Kero Hill and Vicinity, Yukon Territory", Engineering and Mining Journal,
Vol. 133, pp. 38-43, 193Z

Frozen zone studied in mine shafts. One shaft 400 it, another
300 ft without passing out of frozen ground. Where thawed ground
is encountered below per,.afrost, water under hydraufic pressure
atso encountered which gives rise to mining difficulties. Ice veins
observed, but they do not exceed 6 in. Several photographs used to
ill:,.strate veins and crystals. Author then discusses occurrences
and effect of ice to greater detail.

WEST, E. S., "Effect of Soil Mulch on Soil Temperature". Journal of the
Council for Scientific and Industrial Research (Australia), Vol. 5, -n. 236-
246, 1932

Results of an experimental study of soil temperatures and
temperature amplitades in cultivated and uncultivated soils.

WILFORD, H. D., DOWNEUY, B. R., BRIGGS, G. F., HOGENTOGLER, C. A.V JR., KNIGHT, I. A., ELLEMAN, 1. A. and BURGGRAF, r., "Uses of Cal-

cium Chloride in Road Stabilization", Proceedings, Highway Research
Board, Vol. 18. Pt. 2, pp. 209-256, 1938

This symposium on the use of calcium chloride in stabilization
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includes a table s!%owing the relatiamm bctme !h- fmeezming
voint !ad water adPerce.ale chri2'e 4-- ttm w*ater.

WITLLMNS, A. IC. "What Calmses She SpVrimg Break-~n Be"ter Royes,
Vol. 15. No. 11. pp. 22-Z3. Novemz24er 1945

Description of the effect of am early deee 1-eeze 1r.i!
a LID thaw Crea-tEng a ~otp titzzc- avre ' m~c a~er Z5
trppe c msi prtJab ce, ee cami!;ee- ta &=
i~g dist-ress to otker types of roids. -e remediall meiuxes
are described.

Wl:--DO.V B. H, -Prolbuks o! oro Boaits a=- -i BaZAi7a
fl.i;'A3 U-aterials". Io6=ma -- !o the Society efCenci1dsnr~od-

Vol- 53, -p-. 397 T-402ZT, Z8 Decemiber 1934
A discussion of Vie principal factors -"affect f rost
sistancoe o! 1mildinmg brick. lmcz- .Ld ar~p-eaWUe-y.scii
m~e&ar.-Imment of kdz-Osea-tic Pnessur-es im s~e parccs
bodies. capillary rise 115 a porans mersedi-i, - effects
produced b7 liquzids i-z- ou bodies. and meacancal effecis
Produced by the fozti t~ sld :10-0=5bodie. ur.a
tms for deterrmiigscinDesu ~~~ o esr
pressure Aae~fclency by -Nm osmotiEc mmeta- are desciked..

WILSON. R- "Frost Act!=n -- Rigi Pa-5'es z-4i ne--
Record, VoL 80, No. 13. p. 6261. 28 ).faren MIS8

The author advaocates deep dralage. sofficieLv deep to exteod
below fr ost lime and also to So-mer the lHne ca-tin-'---
the subgrade- Wo data are give-.m

WILSON. WA-LTJIER K- JR-. C620onel. G.E.. 4972he ?r-Oble of enars.
The Military Epgineer. April 1948, Vol- XT" -No. 270, ~ E-6

Describes stmdy off pearnafrost started ic- 1945 bm COrps of
Engineers. St- Paul Dis!rict Fieo-M,.. imi A!kp- inchodes
stmedies of fair-ds con~sbm-cteC ---in Won1-- War E., amm
expenmnetal maoi comsructed near Falrban- weateC and
around temperature edata Lfrm -azz70Va Pons -d- ee,
m~en! of xnethodrZ for lmcazitzi~el slte ion aermia cozc-
graphs. Labor-atory stmdies o! tbe-mal -'o-ris of .osur

made at the University o! fimesoua. Ob,;ec f studies is to
develop cnit-i for desig andc t to f ifeds ac
ti:c and svibamrctic gons-

4MMN. H- F.. FstAc-ion Stabilize Sonl3oe" Poedns
1lighway Research Btard. V1o 1S. Pt 1, p:--6-2W 193A

The result's of a labaratory study odietermine efot
heaving characteristics. of a city. was!h-ed coceesa=F,
aptrn gravel and gra&ded roil ==itues mode ittc-z
admixt=Zes and With diffezte Percentanes of 11 zifeen

stabilizers"- Thne stabiu ~ inxnd su radees c&
liould bItcniino-s mz-aterias. nr= ceme.nt, calci--- C*
sodi~n chlorides Amd calcium ocie. 7-e report- descnibes
;Aboratory equipo: rt appa-mts aid exe"eim pororedure



I iand shows the effect of admixtures on heaving.

WINTERKORN, H. F. and FEHRMAN, R. G., "The Effect of Freezing-
Thawing and Wetting-Drying Cycles on the Density and Bearing Power of
Five Soils", Proceedings, Soil Science Society of Ame-ica, Vol. 9, pp.
24,-.252, 1944

Results of accelerated laboratory tests to determine the effect
of: (1) immersion only; (Z) twelve cycles of freezing and thawing;
(3) twelve cycles of freezing and thawing with subsequent water
immersion for 12 days; (4) twelve cycles of wetting and drying;
and (5) twelve cycles of freezing and wetting on the density, mois-
ture content and California Bearing Ratio of the B horizon soils
from 5 Missouri, Oklahoma and Kansas soils.

WINTERMEYER, A. M., "Percentage of Water Freezal !e in Soils", Pub-
lic Roads, Vol. 5, No. 12, pp. 5-8, February 1925

Apparatus and methods of testing are presented for determination
of freezing point of soils by the dilatometer method. Experimental
data from tetts on 150 soils are given.

WHITE, A. C., "Frost Boils and Their Elimination", Public Works Maga-
zine, Vol. 59, No. 1, pp. 10-11, January 1928

Description of types of subsurface drainage installations which
the author claims have been successful in Mov r County, Minne-
sota.

WOODS, K. B., "Frost Action", Aims and Activities of the Joint Highway
Research Project, Purdue University Engineering Bulletin, Vol. 24, No. 2
(Research Ser. No. 71, Highway Research Bulletin 3), pp. 35-37, 41-43,
48-49, March 1940

Pictorial and graphical representation and conclusions of frost
studies at Purdue University. The data are published in the
following reference: Winn, H. F., "Frost Action in Stabilized
Soil Mixtures", Proceedings, Highway Research Board, Vol. 18,
Pt. 1, pp. 264-290, 1938.

WOODS, K. B., "Report of Committee on Frost Heave and Frost Action in
Soil", Presented at 27th Annual Meeting, Highway Research Board, Decem-
ber 1947

Effectiveness of treatments in which calcium chloride was placed
in holes bored through flexible and rigid type pavements into the
subgrade or in trenches along the pavements in frost-heave areas.
Also studies of permanency of z-alcium chloride admixtures.

WOODS, K. B., HITTLE, JEAN E., and FROST, R. E., "Use of Aerial Pho-
tos in the Correlation Between Permafrost and Soils", The Military Engi-
neer, Vol. XL, No. 277, November 1948

This article gives a brief discussion of the methods and results
obtained in the use of air-photo patterns to identify soils and
permafrost for site selection, thus concentrating field reconnais-
sance on the best sites available. It is based upcn 3 years' field
work by Purdue Unive. sity in Alaska, under contract with the
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Corps of Engineers, St. Paul District Office.

WYCKOFF, L. B., "Some Observations on Effect of Frost in Raising
Weight.", Engineering News-Record, Vol. 80, No. 13, pp. 627-8, 28 March
1918

The author cites cases of a brick wall, weighing 2000 psf,
raised 3/4 in. and several piers supporting columns and roof
trusses raised 1/2 to 2-3/4 in. by frost action.

x. WATER SUPPLY, HYDROLOGY, RUNOFF

BRIDGEMAN, P. W., "Effect of Pressure on the Freezing Point of ,Vater",
Smithsonian Physical Tables, Smithsonian Miscellaneous Collections, Vol.
71, p. 200, 1921

Tablo showing the effect of pressure on the freezing point of
water.

ELLSWORTH, C. E. and DAVENPORT, R. W., "Surface Water Supply of
the Yukon-Tanana Region, Alaska", U.S.G.S. Water Supply Paper 342

General features of area -- geology, geography, climate,
vegetation (including map) are covered. Runoff data for various
creeks in vicinity included in tables. Yukon River, Forty 14ile
River, Mission Creek, Seventy Mile River, Birch Greek, Tanana
River, and Tolvana River basins are described in detail. Several
maps included within report. Topographic m?'.ps showing gaging
stations, also some sketch maps, i.e., distribution of vegetation
in region covered. Also bibliography of Government papers on
area covered. (About 50 papers listed.)

FARRELL, J. W. B., "Winter Precautions at Regina, Saskatchewan",
Water Works Engineering, 26 December 1945, p. 1501, Vol. 98, No. 26

This article discusses the problems of water works maintenance
at Regina.

GARSTKA, WALTER U., "Hydrology of Small Watersheds Under Winter
Conditions of Snow and Frozen Soil", Transactions, American Geophysical
Union, 1944, p. 838

Readings during three winters at East Lansing, Michigan. Very
good report of conditions, also good data. Could possibly be
used to check rate of thaw, snow-melt, runoff from frozen soils.

GERDEL, R. W., "The Dynamics of Liquid Water in Deep Snow-PF,,'xs",
Transactions, American Geog. Union, Vol. Z6, 1945

Provides good data on thermal and water quantity of snow.

HURST, W. D., "How Winter Problems are Handled at Winnipeg, Canada",
Water Works Engineering, 1Z December 1943, pp. 1432-1435, Vol. 98, No.
z5

This article discusses water works maintenance at .Vinnipeg.
The author points out trouble that developed with one type
of hydrant because condensation moisture collected beneath
the operating nut and froze onto its bearing. Ingenious
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solution of this diffictlty is described. Other operating ex-
periences are recounted.

LEWIN, JOSEPH D., "Dams in Permafrost", Public fVorks Magazine for:
May 1948, pp. Z2, 23 and 32; June 1948, pp. 33-34; July 1948, pp. 57-58

Series of articles on the construction of dams in areas such
as Alaska and northern Canada where permanently frozen ground
is encountered. Foundation design, including the effect of ice

and other factors, is discussed. References made to Russian
articles on permafrost. Includes illustrations taken from pub-
lications of Corps of Engineers, D. A. Bibliography.

LEWIS. M. R., "Rate of Flow of Capillary Moisture", U. S. Dept. of Agricul-
ture, Technical Bulletin 579, October 1937, 29 pp.

The results of experimental studies in which water was added
at various predetermined rates to one end of a number of soil
columns which were exposed at the other end to a current of air
maintained at a constant temperature and humidity. The purpose
of the experiment was to determine the distance through which
water, in appreciable quantities, can be moved by capillary action
in a range of moisture between the field capa.-ity and the permanent
wilting percentage. Data are given and discussion included on ef-
fect of soil type and gravity on rate of flow, and moisture content
gradient for different rates of flow.

Bibliography.

MABEE, W. C., "Lessons from the Winter of 1935-1936", Journal, Ameri-
can Water Works Association, Vol. 29, No. 1, 1937

Discusses the effects of an extremely cold winter on the freezing
of water service lines. It was stated that in a normal winter
in Indianapolis 200 degrees of mean daily temperature below
320 F accumulated, whereas in the winter of 1935-1936, 885
degrecs accumulated. T'vo thousand or 2.7 percent of all pri-
vate lines froze and these were mostly those which had less than
54 in. cover. Practically all thawing of pipes was done with gas-
oline motor-driven generators. The most satisfactory condition
was at 40 volts with the average of 15 to 20 minutes of current
application at 300 amperes to thaw a service. This article in-
cludes a graph showing accumulated degrees of mean daily tem-
perature below 320 F and depth of frost penetration and number of
frozen services through the winter months.

ME1NZER, 0. E., "The Occurrence of Ground Water in the United States",
U.S.G.S. Water Supply Paper No. 489, pp. 30-63, 1923

The author descr;bes various types of water tables; and
the capillary fringe; the capillary rise; the yield and water
?4tenton in various t'pes of soils.

PAULSON, JOSEPH B. JR., "A Method of Calculating tht :;ffect of SnCw on
Runoff During Rainstorms", Transactions, American Geophysical Union,
1944, p. 17

Appears to be good method. Gives resulting runoff intensity
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which exceeds sum of rain and snow-melt intensities due to
storage of snow-melt.

PLUMMER, F. L. and DORE, S. M., "Soil Mechanics and Foundations",
pp. 131-140, 353-7, 1940, Pitman Publishing Corp., New York

This text includes discussion of heaving of highway slabs,
ice segregation, movement of water to form ice crystals,
effect of water table level, thawing of frozen soil, and
prevention of frost heaving.

ROCHE, M. A. and MITCHELL, M. R. C., "Water Works and Sewe'age in
the Far North", Public Works Magazine, August 1948, pp. 21-23

A. 1:;.usuil Distribution System at Flin Flon, Manitoba, by
M. A. Roche. Permanent frost exists here between I and 16 ft
below the surface. Water pumped through 13,000 ft of 20-in.
woodstave pipe has not frozen in 18 years. Heating required
on one occasion. Storage tanks and utilidors fcr distribu-
tion are steam heated. Distribution lines are in 4000-ft
circuits in which water is circulated continuously. Steam
is used _o hold temperature at not less than 380 F.
B. Water and Sewerage at Sherridon, Manitoba, by M. R. C.
Mitchell. Water mains and sewers are laid close together
in trenches about 8 ft below the ground surface or together

* with steam pipes on the su-face in wooden boxes packed with
sawdust. The water mains are discharg.-d into the deed ends
of sewers to prevent freezing. Sewers laiC in boxes are
cast iron pipe and those buried in the ground are vitrified
clay. Th- cost of heating the pipes in the boxes is quite
high. Boxes inclosing pipes, in general, are large enough
to permit a m-n to work inside without opening the bcx from
the outside.

ST. AMAND, PIERRE, "The Central Alaska Earthquake Swarm of October
1947", Transactions, 1merican Geophys!ical Union, Vol. 29, No. 5, October
1948

The earthiquake swarm of October ]947 is dis,:ussed. Investiga-
tion cf the ac ivity is described. Photographs. of earthquake
activity are included along xvith a isoseismal map and a plot
of epicenters. The only item of interest insofar as permafrost
is concerned is the fo!lowing s'±tement rega'ding wells: "In-
czeast d turbidity was observed in many wells. Trz Brazil
family, residing betweer Fairban:s and College, reported an
increase ir their well water. The well at the Experimcn4%l
Farm began producing copiously for the first time since it was
drilled." It may be also noted that wells that had been pumped
before began to discharge waier freely at Nenana.

TABER, STEPHEN, "Surface Heaving Caused by Segregation of Vater
Forming Ice Crystals", Engineering News-Record, Vol. 8i, 1918, No. 15,
10 October, pp. 683-4

A discussion of articles by J. L. Harrison, Engineeri-,g News-
Record, Vol. 80, No. 9, pp, 418-420, 28 February 1918, and

1
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C. D. Norton, Engineering News-Record, Vol. 80, No. 22, p. 1058,
30 May 1918, in which Taber disputes their claims and presents
his hypothesis on the formation of ice layers and the cause of
frost heave.

TABER, S., "Freezing and Thawing of Soils as Factors in the Destruction
of Road Pavements", Public Roads, Vol. 11, No. 6, pp. 113-132, August
1930

A summary of Taber's comprehensive studies of frost action in
soils. Apparatus and test methods are described. Freezing

effects in closed and open systems; direction of growth of
ice crystals; grain size; soil composition; water supply; rate
of cooling; effect of load pressure; the mechanics of frost
heaving in open systems; and freezing and thawing of soils
under pavements are discussed.

THEIS, C. V., "Report on Water Supply", Fort Bel-oir Engineer Board,
Fort Belvoir, Va., November-December 1943

This is a report on water supply at Edmonton Satellite Field,
Namao, Fairbanks District, Nanso, and other places in Alaska
and Canada.

THE ENGINEER SCHOOL, "Water Supply in Arctic, Subarctic, and Antarc-
tic Regions", The Engineer Center, Fort Belvoir, Va., June 1948, Re-
stricted.

This report presents the results of a study of arctic, subarctic
and antarctic water supply problems and methods. its purpose
is to furnish information needed to develop water supply methods
a. .,ilitary bases and during field operations, and also to estimate
future Army requirements. Much of the information was obtained
from official reports of military operations by the armed forces
of the U. S. and Canada and from Government publications of both
nations. Various subjects covered are types of natural water
resources; civilian water supply methods; military and naval water
supply; receat developments in field water supply equipment, etc.

WAR DEPARTMENT, "Water Supply and Water Purification", Technical
Manual TM 5-295, 1942

This manual discusses those basic principles of water supply
and water ixeatment which pertain to both civilian and military
practice and, in addition, the expedients necessary in the field.
Discussion includes the following topics: Sources of Water and
its Impurities; Development of Water Sources; Water Quality and
Purification; Storage, Distribution, and Measurement of Water;
and Operation.

WAR DEPARTMENT, "Ground Water Supply for Military Operations",
Technical Manual TM 5-296, 1 February 1944

This manual presents information on the occurrence of ground-
* water and the location of groundwater supplies for military

purposes. Covers the occurrence of water in rocks, relation-
*ships between rock structure and groundwater movement, the

174



location of usable water in coastal zones end desert regions,
the occurrence of springs, the quality of water to be expected
from various sources, and methods of groundwater reconnaissance.

y. WEATHER, PRECIPITATION, AIR TEMPERATURE

ARMY AIR FORCES, "Weather Stations -- In Alaska and Western Canada",
15 February 1945, 16th Weather Regicn, Regional Control Office

This pamphlet includes the following data: Part I -- List of
Weather Stations in Alaska and Central and Western Canada;
Part II -- Alphabetical List of Call Letters for Weather Sta-
tions in Alaska and Central and Western Canada; and Part Ill
-- Numerical List of Index Numbers for Weather Stations in
Alaska and Central and Western Canada.

COLEMAN, A. P., "Ice Ages Recent and Ancient".

"The largest tree now growing in Spitzbergen is a willow which

scarcely rises three inches above the ground. The Arctic re-
gions have enjoyed genial periods and some parts of the tropi -s
have suffered Arctic cold, showing that in the past there have
been very important variations of climate. Seams of excellent
coal ...... and great fossil leaves belonging to trees of a warm
climate in beds of Cenozoic age are found in Spitzbergen.'"

t

DARTON, N. H., "Geothermal Data of the United States". Bulletin 701,
U. S. Geological Survey

This bulletin is chiefly concerned with temperature measurements
made with maximum self-registering mercury thermometers
lowered bulb end up into wells, mines, etc. There are many taru-
lations of temperatures and reference is made to J. Prestwicks'

N "Underground Temperatures", Royal Society, London Proceed-
ings, Vol. 41, pp. 1-116, 1886.

DEPARTMENT OF TRANSPORT, "Meteorology of the Canadian Arctic",
1944, Air Services Branch, Meteorological Division, Canada

This manual contains a summary of the reports of meteorological
observations which have been taken in the Canadian Arctic,
together with an analysis of upper air conditions prevailing in

Jthis region. It is necessarily incomplete, chiefly because no
long series o-f observations is available for this territory. Most
of the observing stations are concentrated in the southeastern
part of the Archipelago, leaving large areas of Canadian terri-
tory within the Arctic Circle untouched. Tables and graphs are
included showing monthly values of temperature, precipitation,

iwind and fog at certain selected stations.

ENO, F. H., "The Influence of Cliniate on the Building, Maintenance and
Use of Roads in the United States", Proceedi.gs, Highway Research Board,
Vol. 9, pp. 216-223, 1929

Charted maps of the U. S. giving winter temperature data and
suggestions for research on frost action.
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HAND, IRVING, F., "A Summary of Total Solar and Sky Radiation Measure-
ments in the United States", U. S. Dept. of Commerce, Weather Bureau,
Monthly Weather Review, Vol. 69, April 1941, pp. 95-125

This paper presents a summary to date of the total solar and
sky radiation measurements made by the Weather Bureau and
cooperating institutions and individuals; the data are pre-
sented in tabular form, and also graphically by 18 isopleths.

HAND, IRV7ING, F., "Review of United States Weather Bureau Solar Radia-
tion Investigations", U. S. Dept. of Agriculture, Weather Bureau, Monthly
Weather Review, Vol. 65, December 1937, pp. 415-441

This paper presents a summary to date of the methods employed

and the results obtained in the solar radiation investigations
conducted by the Weather Bureau. Many data are here published

for the first time, while several tables and charts previously
published in the Monthly Weather Review are revised and brought
up to date. Numerous references to literature are included.

HAND, IRVING F., "Observations of Radiation Penetration Through Snow",

U. S. Dept. of Commerce, Weather Bureau, Monthly Weather Review, Vol.
70, February 1942, pp. 23-25

The penetration of solar radiation through various thicknesses
and qualities of snow is of importance in many hydrological
and other problems. The authors made some measurements
at Brighton, Utah. These measurements constitute only a prelim-

inary study but results have been sufficient to show the value

that further work would have.

KIMBALL, D. A., RUHNKE, G. N. and GLOVER, M. P., "A Comparison of

Temperatures in Air and ai Various Depths in a Light Sandy Soil in Southern
Ontario", Scientific Agriculture (Canada), Vol. 14, No. 7, pp. 353-9, March
1934

An example is given of recorded temperature data taken with
recording thermograph of the two-pen type with mercury in

steel cables. Tabulated data. are given showing average monthly
temperatures of air and of the soil at depths of 4, 12 and 24 in.
from July 1930 to June 1932.

KINCER, 1. B., "Precipitation and Humidity", Atlas of American Agrictl-
ture, Pt. 2 (Climate), Sec. A (Precipitation and Humidity), Advance Sheet
No. 5, 15 March 1922

Charted maps of the U. S. giving data on precipitation and
humidity on basis of monthly, seasonal and annual averages.
Records for the uniform 20-year period, 1895-1914, were used
in constructing the principal charts and diagrams.

KINCER. J. B., "Temperature, Sunshine and Wind", Atlas of American
Agriculture, Pt. 2 (Climate), Sec. B (Sunshine and Wind), Advance Sheet
No. 7, November 1928

Charted maps of the U. S. and diagrams giving data oxi
temperature, sunshine and wind, on basis of monthly, season-
al and annual values. Records cover the uniform Z0-year

period, 1895-1914.
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SMITH, ALFRLD,"Comparison of Daytime and Nighttime oW't Air Tem-
pera: "res", Hilgardia, 4.l0, December 1929, pp. 241-272 ""

A discussion of the relationship between the rate of perco-
r lation and soil temperature and a charted summary of soil

temperatures. This article is supplementary report to that
published in Hilgardia, Vol. 4, No. 3, pp. 77-112, May 1929.

TANNEHIL, IVAN R., "'\Weather Around the 1iorld", Princeton University
Press, Princeton. N. J., 1943

This book gives average monthly temperatures for many places
in the world an-1 some other information.

U. S. DEPARTMENT OF AGRICULTURE, "Climate and Man", 'Yearbook of
Agriculture, Pt. 5, Climatic Data, witn Special Reference to Agriculture in
te U. S., pp. 664-1210, 1941

Charted and tabular data on temperature and precipitation up
to 1938. Includes 46 charted maps of the U. S. as well as
climatic summary tables, precipitation and temperature tables,
special frost tables and supplementary climatic notes for
each state.

U. S. WEATHER BUREAU, "'Climatic Summary of the United States",
Bulletin X", Sec. 1-105, 1930

Climatic data from the establishment of stations to 1930 in-
clusive. See also monthly srmmaries of weather data by
states for climatic data from 1930 to the present.

VISHER, S. S., "Climatic Laws", 1924, 96 pp., John Wiley and Sons, New
York

This book contains 90 generalizations with numerous corollaries
concerning the geographic distribution of tmrperature, wind and
moisture. No specific data of value in the solution of the frost
action problem are given.

WAR DEPARTMENT, "Report of Trip to Weather Stations in Alaska",
2 August-14 October 1945, by Captain Donald McDonald I1, Corps of Engi-
neers, St. Paul District

An unpublished report of trip made by the writer to obtain
information which would be of value in the making of ground
temperature installations at var. -,us weather stations and to
obtain data required as ground temperaturc equipment procure-
ment information, including the selection of sites for the
temperature test holes. Includes photographs, descriptions
and drawings of the weather stations visited.

V Conclusions

t 18. CONCLUSIONS. The concract with The Stefansson Library has provided a
search by competent translators of Russian literature which may be pertinent to the Per- --

mafrost Investigation. The brief summaries and translations of the Russian literature,
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available at this time, have confirmed many of the ideas and theories developed in the
study of permafrost. Although no new fundamental concept of the problem has been dis-
covered, th many angles of approach and statement obtained from articles given in both
the Russian and English bibliographies have helped to cl~arify and expand the understand-

ing of the subject.
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